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FOREWORD

Thii report summarizes research conducted under Exhibit A- I of USAF Contract
No. F04611-69-C-0028 from August, 1969, to September, 1970. The research was
performed by the Columbus L,.:ratories of Battelle Memorial Institute under the
auspices of the Air Force Rocket Propulsion Laboratory, Edwards Air Force Base,
with Capt. F. M. Cassidy serving as technical manager, The principal investigators
were N. D. Ghadiali, Research Engineer; J, V. Baum, Associate Fellow; and
T. M. Trainer, Project Manager.

This technical documentary report has been reviewed and is approved:

Francis M. Cassidy
Captain, USAF
Project Engineer
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ABSTRACT

An analysis of excessive connector helium leakage indicated that the radial sealing
forces in the 1/2-, 3/4-, and I-inch AFRPL stainless steel threaded connectors were
too low to overcome manufacturing variations in the metal-plated seals. A program
was undertaken to investigate three candidate materials for increasing the radial sealing
forces in these three connector sizes, and to reassess the adequacy of the specification
by which the seals were plated, i.e., MYL-P-27418 (USAF), Military Specification,
Plating, Soft Nickel. Selected material properties, including yield strength and corro-
sion resistance, were investigated for cold-worked Type 304 stainless steel, Armco 21-
6-9, and iron-base superalloy 19-9 DL. Preliminary tests were conducted for seal
designs for each material, and verificatijn tests were conducted lor seal designs for
Type 304 an#1 Armco 21-6-9 stainless steel. Plating companies were contated concern-
ing the adequacy of MIL--P-Z7418 (USAF). It was concluded that the plating specification
is satisfactory if the inspection is done with a 5 -power glass. It was also concluded that
modified seal designs utilizing cold-worked Type 304 rtainlese stee' will achieve the
desired performance requirements in the 1/2-, 3/4-, and I-inch .zonnectors and that the
same seal designs utilizing annealed Armco 21-6-9 will probably achieve the desired
performance requirements. It was recommended that the necessary changes be incor-
porated in the plating and connector specifications.
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SEAL DESIGN MODIFICATION FOR
AFRPL STAINLESS STEEL THREADED CONNECTORS

by

J. V. Baum, N. D. Ghadiali, and T. M. Trainer

INTRODUCTION

In April, 1962, the Air Force Rocket Propulsion Laboratory began the development
of a family of separable fluid connectors for rocket propulsion systems. Threaded and
flanged connectors, called AFRPL connectors, have been developed incorporating a
unique "Bobbin" metallic seal. The prior work has been reported in the following
Technical Documentary Reports: RTD-TDR-63-1115, December 1963 (AD 426290);
AFRPL-TR-65-162, November 1965 (AD 474789); AFRPL-TR-67-191, July 1967 (AD
817843); and AFRPL-TR-69-97, July 1969 (AD 857062).

The last report describes work conducted under Contract AF 04(611)-11204.
Phase III of that contract was established to provide engineering support during the intro-
duction of AFRPL threaded connectors to industrial and government agencies. During
the introduction period, several 3/4-inch, 4000-psi stainless steel threaded connectors
exhibited excessive leakage when installed at the Air Force Rocket Propulsion Laboratory.
As described in AFRPL-TR-69-97, an examination of this problem showed that the radial
sealing forces in the 1/2-, 3/4-, and 1-inch, 4000-psi threaded connectors were insuf-
ficient to overcome manufacturing variations in the seals. Subsequently, Exhibit, A- I was
established under Contract No. F04611-69-C-0028 to modify the seal designs for the
1/2-, 3/4-, and 1-inch, 4000-psi AFRPL stainless steel connectors to provide increased
radial sealing forces. This report describes the results of this additional effort.

PROGRAM ACTIVITIES

The program activities are described in four report sections. The first section
- sumxnarizes the background information related to the problem of insufficient radial

sealing forces. The seconid section describes the investigation of materials for use in
the Bobbin seals to achieve higher radial sealing forces. The third section reviews the
results of preliminary tests conducted with seals made from each of three candidate
materials, while the fourth section describes the tests made to verify the performance
of the selected seal designs.

Background Information

Four types of background information are pertinent to this report. The first con-
i corns the development of 4000-psi stainless steel threaded connectors. The second is

related to the excessive leakage caused by insufficient radial sealing forces in the stain-
lees steel connectors. The third is concerned with the work done on the leakage problem

-iI
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under the previous program (ContractAF 04 [6111-1120-4), while the fourth concerns a
preliminary invt. ti,,ation of ýdgher strength seal materials under that program.

Connector Development

The primary objective of the first program, Contract AF 04(611)-8176, was to
design and evaluate lightweight mechanical connectors that could successfully seal helium
to 2 x 10-7 atm cc/sec in missile-system environments. As a result of this program,
connector design criteria were established, a unique Bobbin seal was conceived, and a
threaded connector ino orporating the Bobbin seal, for tubing sizes up to 1 inch, was de-
signed and its feasibility demonstrated. This work is described in RTD-TDR-63-1.115.

A subsequent program, Contract AF 04(611)-9578, was initiated to design families
of threaded-type tube connectors and to demonstrate their ability to meet the extreme
requirements of missile fluid systems. Elbows, tees, crosses, and unions made from
Type 347 stainless steel, Reng 41, and 6061-T6 aluminum were designed for standard
tubing sizes ranging from 1/8 to I inch, and limited qualification tcsts were performed
with selected connector configurations for 3/8-and 3/4--inch tubing systems. Prelimi-
nary MS standards and specifications were prepared for selected sizes of 4000-psi
stainless steel connectors and for 1000- and 750-psi aluminum connectors. This effort
is described in AFRPL-TR-65-162.

Two concurrent efforts were then initiated. In one effort, the Air Force Rocket
Propulsion Laboratory reviewed the preliminary standards and specifications, purchased
a number of 4000-psi stainless steel connectors, conducted qualification tests with many
of the connectors, provided connectors to various facilities for evaluation, and published
MS standards and specifications. (Copies of the MS standards for 4000-psi stainless steel
connectorrs are included as Appendix I of this report. ) The results of the experimental
work at the Rocket Propulsion Laboratory are summarized in Technical Report No.
AFRPL-TR-69-98, entitled "Tube Connector Development", by Lt. A. B. Spencer,
dated July 1969.

Concurrently with the work at the Rocket Propulsion Laboratory, a three-phase
program was conducted by Battelle-Columbus under Contract AF 04(611)-11204. Under
Phase I, which is described in AFRPL-TR-97-191, a process was selected for achieving
a softer sealing surface for 6061-T6 aluminum seals. Under Phase II, effort was di-
rected toward the development of flight-weight stainless steel and aluminum flanged-type
separable connectors utilizing the Bobbin seal for tubing diametersfrom 1 through
16 inches. Phase III included support for the Rocket Propulsion Laboratory during the
introduction of stainless steel threaded connectors to industry, and the investigation of
mutually selected aspects of threaded connectors. The effort on Phaises II and III is
described in AFRPL-TR-69-97.

Excessive Leakage With Stainless Steel Seals

Beginning in 1967, three events occurred which showed the need for iniprovel
initial sealing in the 3/4- and I -inch, 4000-psi stainless steel AFRPL threaded
connectors.

In the first event, twenty 3/4-inch connecLrs were installed in a liquid-hydrogen
system at the Rocket Propulsion Laboratory. TI.is installation was part of the effort by



the Rocket Propulsion Laboratory to obtain information concerning the use of AFRPL
threaded connectors by various agencies and laboratories. Five of the 20 connectors

leaked badly. Because leakage of this extent had not been encountered in the develop-
mental testing of the connector, three of the connectors and the seals from the other two
connectors were forwarded to Battelle-Columbus for analysis.

In the second event, personnel at the Rocket Propulsion Laboratory decided to con-
duct misalignment tests with threaded connectors. Although a misalignment test had not
been part of the development tests of the threaded connectors, the test had proved to be
beneficial in evaluating flanged connectors, and similar tests were conducted with
3/4-inch, 4000-psi stainless steel threaded connectors at the Rocket Propulsion
Laboratory. It was found that satisfactory initial sealing was often not achieved in these
misalignment teets,

In the third event, near the end of Contract AF 04(611)-11204, satisfactory sealing
could not be maintained during the thermal-gradient testing of the 8-inch, 1500-psi
stainless steel flanged connector. Although the seals used in this connector were much
larger than the seals used in the threaded connectors, the radial sealing forces for the
flanged and threaded connector seals were similar.

Leakage Investigation Under Contract
AF 04(611)-1l1204

( During the latter months of Contract AF 04(611)-11204, considerable work was
done in relation to the excessive leakage that had been encountered with stainless steel
threaded and flanged connectors. Seals were inspected before assembly to note the type
of imperfections on the sealing surfaces; seals were assembled with different sealing
pressures (by changing the strength of the seals); leakage tests were conducted; and
seals were inspected after disassembly to note the ability of the different sealing forces
to overcome the different types of sealing-surface imperfections.

As a result of this work, it was concluded that most of the leakage for the threaded
and the flanged stainless steel connectors occurred because the sealing forces were
insufficient to overcome manufacturing variations in the sealing surfaces of the seals.

For 4000-psi stainless steel threaded connectors, it was concluded that the seals

required a minimum sealing pressure of about 6 times and an average sealing pressure
of about 7-1/2 times the yield strength of the soft nickel used to plate the seals. These
pressures were required to overcome the plating pits, nodules, and ripples that seem
to be associated with the plating state of the art. It was also concluded that a sealing-
surface width of 0.020 inch was desirable to seal around edge nicks and small, plating
imperfections. The yield strength of soft nickel is approximately 10, 000 psi. There-
fore, the seals had to achieve radial sealing forces ranging from a minimum of about
1200 lb/in, of seal circumference to an average of about 1500 lb/in, of seal
circumference.

Calculations and tests made at the Rocket Propulsion Laboratory and at Battelle-
Columbus showed that seals made according to the MS standard (MS 27855 - see
Appendix I) and the plating specification, MIL-P-27418(USAF), were satisfactory for
1/8-, 1/4-, and 3/8-inch seals. (A copy of the plating specification is included as
Appendix Il of this report.) For 1/2-inch seals, the radial selling force was somewhat
low, and for 3/4- and 1-inch seals the radial sealing forces were significantly low.
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Seal Material Investigation Under Contract
AF 04(611)-11204

Because extensive effort had been expended on tests with the existing connector
dimeniions and on preparation of the existing MS standards, it was highly desirable to
achieve increased radial sealing forces with as few dimensional changes as possible. A
preliminary study under Contract AF 04(611)-11204 showed that three materials were
promising for achieving higher radial sealing forces in the 1/2-, 3/4-, and 1-inch seals:
(1) cold-worked Type 304 stainless steel, (2) 19-9 DL stainless steel, and (3) a rela-
tively new stainless steel by Armco called 21-6-9.

Type 304 stainless steel (hereinafter referred to as 304) is capable of being cold
worked to very high yield strengths. In fact, the major problem with the material
appeared to be the wide range in yield strengths for cold-worked bars. Although a
100 percent increase in tensile yield strength, as compared to the annealed material,
was desirable, tests showed that a 200 percent increase in yield strength would damage
the plain flange of the 1-inch connector. Yield-strength increases up to 300 percent
are possible in cold-worked 304. Since the maximum yield strength of cold-worked bars

is not normally specified nor controlled, the problem of limiting the maximum yield
strength of the material had to be determined.

The second candidate, 19-9 DL, is an iron-base superalloy. It has an ideal yield
strength (70, 000 to 85, 000 psi), and appeared to be readily available. Although an J
examinationof the composition of 19-9 DL indicated that it would be sufficiently corro-
sion resistant, few data existed for its exposure to rocket propulsion fluids. The lack
of corrosion data appeared to be the biggest problem with 19-9 DL.

The third candidate, 21-6-9, is an austenitic stainless steel. Although its corro-
sion resistance to rocket propulsion fluids was not known, its composition indicated that
it would be similar to Type 316 stainless steel. The biggest problem with 21-6-9
appeared to be the fact that the annealed tensile yield strength was not very high
(50, 000 to 60, 000 psi). While this was some improvement over annealed austenitic
stainless Mteel, it was not as much as desired. Another problem was the fact that there
was only one supplier, and 21-6-9 was not readily available in the bar sizes of interest.

Thus, at the conclusion of Contract No. AF 04(611)-11204, there were aspects
about each candidate seal material that needed further investigation. It was recommended
that the properties of the candidate materials be studied further, and that seals of each of
the materials be designed and tested. It was also recommended that this information be
used to select the optimum seal design, and that qualification tests be conducted for the
selected design.

Investigation of Seal Materials

The investigation of seal materials under Contract No. F04611-69-C-0028 consisted
of three types of efforts: (1) further investigation of selected properties of the candidate
seal materials, (2) investigation of the corrosion resistance of the candidate seal
materials, and (3) reassessment of the nickel-plating quality as required in
MIL-P-27418(USAF).
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Selected Properties of CandidateSeal Materials

Table I shows the properties of the candidate seal materials which are important to
the successful performance of the threaded connectors. The properties for the connector
material, Type 347 stainless steel, are also shown. No problems were envisioned for
any of the candidate seal materials from the standpoints of coefficient of thermal ex-
pansion, machinability, or cost. Possible problems of corrosion compatibility with
rocket fluids existed for two of the seal materials, and the results of an experimental
investigation of their corrosivi resistance are described in the next report section.
Other problems existed from the staiidpoirvs of yield strength and material availability.
These are discussed for each candidate seal material.

TABLE I. SELECTED PrOPERTIES OF CONNECTOR MATERIAL AND CANDIDATE SEAL MATERIALS

Connector Material. Candidate Seal Materials
Selected Annealed Austenitic Cold-Worked Aus- Annealed Austen- Iron-Base
Material Stainless Steel. tenitic Stainless itic Stainless Superalloy,
Property Type 347 Steel, Type 304 Steel, Armco 21-6-9 19-9 DL

Tensile
Yield Strength at
70 F. ksi 35 -50 50 -120 50 -65 70 -100

Coefficient of
Thermal Expansion. 10"6
in./An./ F 9.3 9.6 9.3 10

Machining
Index 50 40 45 40

Compatibility
With Rocket
Fluid Systems Very good Good Unknown Unknown

Approximate
Cost, 8/lb 0.75 0.50 0.75 1.00

Available
Forms Sheet, plate. Sheet, plate, Sheet, bar, Sheet, bar,

bar bar, tubing wire tubing

Type 304 Stainless Steel. On the basis of preliminary work done under Contract

AF 04(611)-11204, it was thought that the yield strength of most cold-rolled 304 bar
rangedfrom about 70, 000 psi to about 100, 000 psi. With this range, it appeared that the
same dimensions could be used for seals made of 304 as for seals made of 19-9 DL.

However, more extensive contacts with manufacturers and suppliers under Con-
tract No. F04611-69-C-0028 showed that thai most common cold-worked bar stock avail-
able is annealed and cold rolled. The yield strength of the material in a given bar
depends on the yield strength of the original billet and on the amount of cold-work reduc-
tion used to get the finished bar size. For the 1-inch bars that are required for the
3/4-inch seals, and for the 1-1/4-inch bars that are required for the I-inch seals, the
yield strength of stock normally available on an odd-lot basis from a supply house ranges
from about 50, 000 psi to about 100, 000 pai, with the majority of the stock ranging from
about 55, 000 psi to about 85, 000 psi.

5
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Unfortunately, a 30, 0 0 0 -psi range of yield strength is too great for a good seal do-
sign. If the seal were designed for a minimum radial sealing force with 55, 000-psi
stock, the use of 85. 000-psi stock would damage the 1-inch plain flange. On the other
hand, if the seal were designed for a maximum radial sealing force with 85, 000-psi
stock, the radial force with 55, 000-psi stock would be too low.

The decision was made to select 50, 000 and 70, 000 psi as the minimum and maxi-
mum allowable tensile yield strengths, respectively, for seals made of 304. This decision
was based on the fact that it was estimated early in the program that the effective com-
pressive yield strength of cold-worked 304 was sufficiently high that the dimensions in
MS Z7855 could be used for 304 seals made of materials with these tensile yield strengths.

It was realized that the selection of yield- strength limits of S0,000 and 70, 000 psi
might require a purchasing agent to contact four or five suppliers to obtain satisfactory
stock. However, this was judged to be acceptable. In the unlikely event that satisfactory
stock could not be obtained at a given time, two courses of action could be taken. First,
a larger size bar could be purchased with a resulting increase in cost for material and
machining. This was thought to be acceptable for small quantities of seals. For larger
seal quantities, 500-pound minimum orders could be placed for the required yield-
strength range. There would normally be a time delay on such orders of 60 to 120 days,
depending on the production plans at the mills. It is common practice to add such orders
to a larger order so the material can be included in a future billet. When the yield
strength of the billet has been determined, it is possible to estimate the amount of cold
work needed to obtain an acceptable bar size and yield strength for the partial order.

Armco 21-6-9 Stainless Steel. During the work under Contract AF 04(611)-11204,
it was thought that the lower yield-strength range of 21-6-9 as compared to that of
19-9 DL (see Table I) posed a problem in designing 3/4- and 1-inch seals with sufficient
radial sealing forces. Work under Contract No. F04611-69-C-0028 showed that satis-
factory strength could be achieved in these seals if material was added to the seal disks
as well as to the seal tang.

Further discussion with Armco did show, however, that very little 21-6-9 bar stock
was being made. Apparently the primary use of 21-6-9 was in sheet and tubing forms.
Armco personnel said that minimum orders of 500 pounds would be filled within a few
weeks, and the Technical Manager decided that this situation would not be prohibitive.
On the other hand, it was apparent that an alternative seal material would be highly
des irable.

Iron-Base Superalloy 19-9 DL. During the work under Contract AF 04(611)-11204,
the only possible problem envisioned for 19-9 DL was one of insufficient corrosion resis-
tance in rocket fluid systems. The material was originally developed for use in jet
engines and no known data were available concerning its performance in rocket fluids.

However, as a result of more detailed investigations under Contract No. F04611-
69-C-0028, a problem of availability developed with 19-9 DL. It was found that newer
materials, such as 17-4 PIH, were sufficiently more desirable to users of high-strength
stainless steel that supply houses had decided to stop stocking 19-9 DL. It was possible
to obtain enough material to make seals for the program, but it was estimated that within
a year all 19-9 DL material would have to be ordered directly from a mill. While the
material would not be impossible to obtain, significant time and cost penalties would be
incurred for small-lot orders.

6



Corrosion Resistance of the Candidate
Seal Materials

Because of the unknown corrosion resistance of 21-6-9 and 19-9 DL to rocket
fluids, aprogram was conducted by the Liquid Rocket Division of the Air Force Rocket
Propulsion Laboratory to compare the corrosion resistance of these materials with the
corrosion resistance of 304. Data from this investigation were to be used in the selection
of a material for improved Bobbin seals under Contract F04611-69-C-0028.

Appendix IU contains a copy of a Technical Memorandum, AFRPL-TM-70-8, that
summarizes the preliminary results of the corrosion investigation. It was decided that
two fluids, nitrogen tetroxide (N 2 0 4 ) and chlorine trifluoride (C IF3), were representa-
tive of the fluids used in rocket fluid systems. It was known that the corrosion resistance
of 304 was satisfactory, and it was decided that the exposure of all three candidate seal
materials, 304, 21-6-9, and 19-9 DL, under identical conditions would give data con-
cerning the relative performance of the two "new" materials. Because the Bobbin seals
are nickel plated, the effect of plating on corrosion resistance was investigated by ex-
posing plated and unplated specimens.

To quote from the Results and Discussions section of AFRPL-TM-70-8:

"It appears from data gathered in the past three months, that the
three types of stainless steels in the unplated condition are compatible
with N 2 0 4 under the test conditions described. The nickel-plated
coupons, however, are considered incompatible due to the formation of
the lime-green nickel nitrate corrosion product. . . . It appears so far
that the three candidate stainless steels are compatible with C IF 3 in

* ~both the plated and the unplated conditions."

Reassessment of MIL-P-27418 (USAF), Military
Specification, Plating, Soft Nickel

Because the sealing problems being investigated under Contract F04611-69-C-0028
were concerned with the forces needed to overcome imperfections in the nickel plating,
part of the effort was directed toward a reassessment of the specification by which stain-
less steel Bobbin seals are plated. This specification, MIL-P-27418 (USAF), appears
in Appendix II.

Letters were sent to 49 plating companies that were thought to be candidates for
bidding to the requirements of MIL-P-27418 (USAF). A copy of the specification was
enclosed with each letter, as was a nickel-plated Bobbin seal. Each company was asked
to comment on the adequacy of the specification, on their ability to plate according to the
specification, and on their willingness to bid in response to a request for quotation. The
replies were as follows:

(a) No experience with nickel sulfamate plating 21

(b) Cannot plate t- MIL-P-27418 3

(c) Plate plastic parts only I

(d) Can plate to specification; will quote 4

(e) Can plate to specification; will not quote S

7



(f) Do not plate on contract basis 4

(g) Plate industrial components only I

(h) No reply 10

On the basis of the investigation, it was concluded that the specification is adequate.
The candidate seal materials are platable and the desired hardness, thickness, and ad-
hesion can be obtained. (It was recommended in AFRPL-TR-69-97 that the inspection
required in the specification be conducted with a 5-power glass. ) It is probable that
some problems might be encountered the first time an order is placed, as familiarity
with handling of the seals is being gained.

The five companies (including the company that plated the experimental seals) that
can be asked to quote on a plating purchase order are:

Allied Metal Finishing
4004 East Monument Street
Baltimore, Maryland 21205
Cambridge Plating Company, Inc.

39 Hittenger Street
Belmont, Massachusetts 02178

Lancaster Electro Plating Company
Lancaster, Ohio

Orbit Electric Company, Inc.
Montana Road
Phillipsburg, New Jersey 08865

Precision Plating Company
6045 North Keystone Avenue
Chicago, Illinois 60646

Preliminary Test Program

Consideration of the differences of the candidate seal materials led to the selection
of certain connector performance requirements as being the most critical for each seal
material. These critical performance requirements were used to establish preliminary
tests which could be used to assist in the selection of the best seal material.

A summary of these preliminary tests, which is shown in Table II, was included
in the work statement. The tests were established on the basis that 21-6-9 might be
selected for all three seal sizes, while 304 and 19-9 DL, with their high yields strengths,
were candidates only for the 3/4- and 1-inch seals.

The preliminary test program consisted of three parts: (1) the design and fabrica-
tion of the test seals, (2) the conduct of the preliminary tests, and (3) the selection of
the best seal material and design for verification testing. /

8



TABLE II. PRELIMINARY-TEST SUMMARY

Test: Axial Load Thermal Gradient Vibration Misalignnent
Seal Size, in: 1/2 3/4 _ 1//2 3/4 1 T 7 3/4 1

Material
19-9 DL

Min Yield X X X X X

Max Yield X X

21-6-9
Min Yield X X X X X
Max Yield X X X X

S~304
Min Yield X X X X
Max Yield X X X X

Seal Design and Fabrication

The design and fabrication aspects for each of the candidate seal materials are
discussed.

Iron-Base Superalloy 19-9 DL. One of the most attractive features about 19-9 DL
was the fact that the minimum tensile yield strength required by the military specifica-
tion on the material was 70, 000 psi. This value gave a calculated radial sealing force
of about 1260 and 1220 lb/in, of seal circumference for the 3/4- and 1-inch seals, re-
spectively, when used with the dimensions in MS27855. This compared very favorably
with the desired minimum of about 1200 lb/in. of seal circumference. This indicated
that no change in the specification dimensions would be required for 19-9 DL.

On the basis of telephone calls to supply houses concerning available stock (of which
there was very little), a practical maximum yield strength of 90, 000 psi was selected.
Using the dimensions in MS27855, the radial sealing forces for the 3/4- and 1-inch seals
with 90,000-psi material were calculated to be 1620 and 1570 lb/in, of seal circum-
ference, respectively. The value for the 1-inch seal was well under the 2300 lb/in, of
seal circumference established under Contract AF 04(611)-11204 as the maximum radial
sealing force possible for the 1-inch plain flange.

It was known from work under Contract AF 04(611)-11204 that the effective com-
pressive yield strength was 50,000 psi for austenitic stainless steel with a certified
tensile yield strength of 35,000 psi. This was caused by the large amount of strain
created in the seal during seal seating and deformation. Stress-strain curves for
19-9 DL were studied to obtain an estimate of the effective compressive yield strength
for this material. It was estimated that the tensile yield strengths would be increased
about 7000 psi. Table III shows the radial sealing forces calculated for the 3/4- and
I-inch seals using the estimated minimum and maximum effective compressive yield
strengths.I9IJ



TABLE IU. NOMINAL RADIAL SEAIUNG FCES FOR 19-0 DL SEALS CALCULATED
USING DIMENSIONS IN MS27856 AND ESTIMATED EFFECTIVE

COMPfRESSIVE YIELD STIREGTHS

A 8
Tensile Yield Etimated Nominal Calculated Radial Sealing

Tubing btrenath. 0. 20k Colnpesshe Yield Farce Using 8. lb/in.
Size, in. offseto &li Suengh. .W of seal circumference

3/4 70.0 77.0 1382
3/4 90.0 97.0 1742

1 70.0 77.0 1.$3
1 90.0 97.0 1692

It was not possible to buy bar stock for the 19-9 DL seals with tensile yield
strengths of 70, 000 psi and 90, 000 psi. To simulate these material#, the certified ten-
sile yield strengths for the available materials were used to estimate their effective
compressive yield strengths. The ratios of the estimated actual compressive yield
strengths to the nominal compressive yield strengths were then used in the radial-
sealing-force calculation to determine the amount of material that should be added or
subtracted from the seal inside diameters. Table IV shows the inside diameters for the
19-9 DL seals used in the preliminary tests.

TABLE IV. MODIFIED INSIDE DIAMETERS OF 19-9 DL SEALS USED IN PREIMINARY TESTS

A B C
Estimated Nomi- Certified Ten- Estimated Ac- Modified Seal

Tubing nal Compressive sile Yield tual Comptes- Nominal ID to Simau-
Size. Yield Strength. Stmngth of Pu'- sin Yi•ld Seal ID. Lste A.

in. ksl chased MatI. * kil Swtemaih, ki In. In.

3/4 77.0 76.0 83.0 0.512 0.588
3/4 97.0 80.0 96.0 0.572 0.569

1 77.0 76.0 83.0 0.744 0.762
1 9. 0 84.0 91.0 0.744 0.730

Armco 21-6-9 Stainless Steel. The poor availability of 21-6-9 was emphasized by
the fact that only one bar of n ateriai could be obtained during the experimental program.
This was the case despite repeated telephone calls to the supplier and the mill, and
despite a willingness to accept oversize stock in the interest of obtaining bars with dif-
ferent yield strengths.

The bar that was obtained had a certified tensile yield strength of 60, 000 psi. The
bqlletin from Armco on 21-6-9 lists 57,000 as the average tensile yield for 1-inch bars.
Discussions with Armco personnel led to the selection of 50, 000 psi and 70, 000 psi as
the minimum and maximum tensile yield strengths to be expected in normal production
lots of annealed 21-6-9 for bar sizes from 3/4-inch (for the 1/2-inch seals) to 1-1/4-inch
(for the I-inch seals).

V

A9 described in AFRPL-TR-69-97, considerable work had been done under Con-
tract No. AF 04(611)-11204 with 21-6-9 seals made from a bar of material having a
certified tensile yield strength of 57, 500 psi. On the basis of measured radial sealing
forces for the seals, that material exhibited an effective compressive yield strength of
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about 65, 000 psi. Combining this information with a study of stress-strain curves of
similar materials, it was estimated that the tensile yield strengths of 21-6-9 should be

increased about 5000 psi to obtain the effective compressive yield strength.

Table V gives the radial sealing forces calculated for 1/2-, 3/4-, and 1-inch seals
made to the dimensions of MS27855 using the minimum and maximum estimated effective
compressive yield strengths. It can be seen in Column C that the radial sealing forces
with the minimum-yield-strength material were less than the desired minimum of
1200 lb/in. of seal circumference for all seal sizes.

TABLE V. NOMINAL RADIAL SEALING FORCES FOR 21-6-9 SEALS USING SPECIFICATION
DIMENSIONS AND MODIFIED SPECIFICATION DIMENSIONS

A B C D

Calculated Radial Calculated Radial
Estimated Effec- Sealing Force Using Sealing Force Using

Tubing Tesile Yield tve Compresslve B and Spec Dlimen- B and Modified Spec
Size. Strength 0.20l6 Yield Strength. slong, lb/Ln. of Dimensions. lb/in.

in. Offset. kul kil seal circumference of seal circumference

1/2 50.0 56.0 1102 1246
1/2 70.0 75.0 1504 1690
3/4 50.0 56.0 980 1256
3/4 70.0 75.0 1348 1712

1 50.0 55.0 965 1220
1 70.0 75.0 1316 1665

To increase the amount of material in the seals while minimizing the effect on the
dimensions of MS27855, it was decided that only the thickness of the seal disks and the
length of the seal tang would be increased. Table VI shows the original and modified
values for these dimensions. Column D in Table V shows the radial sealing forces cal-
culated using the modified dimensions and the estimated effective compressive yield
strength.

TABLE V. MODIFICATION OF SEAL DIMENSIONS IN MS27855 FOR 21-6-9 SEALS

Tang Length. In. DIsk Thicknems. in.

1/2 -Loch Seal
Specification dinmmion 0. 150 0.027
Modified dimetsion 0.160 0.035

3/4-In.a Seal
Specification dimemsio 0.150 0.02o
Modified dime*nlon 0. 180 0.035

1 -Inch Seal
Speclflcation dimension 0. 150 0.027
Modified dlmeosion 0.180 0.040

As with the 19-9 DL seals, it was necessary to modify the inside diameters of the

test seals so the minimum-compressive-yield-strength material (55, 000 psi) and the
maximumr-compressive-yield-strength material (75,000 psi) could be simulated with the
available material which had an estimated compressive yield strength of 65,000 psi.
Table VII shows the modified inaide diameters of the 21-6-9 seals used in the preliminary
tests.
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TABLE VU. MODIFIED INSIDE DIAMETERS OF 21-6-9 SEALS
USED IN PRELIMINARY TESTS

A B
Tubing Estimated Nominal Estimated Actual Nominal Modified Seal ID

Size, Compteesive Yield Compresulve Yield Seal ID, to Simulate
in. Strength, kal Strength. kal in. A. in.

1/2 66.0 66.0 0.382 0.406
1/2 76.0 66.0 0.382 0.368
3/4 66.0 65.0 0.572 0.602
3/4 76.0 65.0 o.672 o.542

1 65.0 66.0 0. 744 0.7 81(a)
1 75.0 66.0 0. 744 0.707(a)

(a) The load test seals wene inadvertently made without increased tang and disk thickness.
The load-tog results wve valid. however, as an experimental check on the calculated
radial sealing forces for seals made to the dimemions In MS27 856- see Column C in
Table V.

Type 304 Stainless Steel. As desc.ibed previously, minimiurn and maximum
tensile-yield-strength values of S0, 000 and 70, 000 psi were selected for annealed and
cold-rolled 304 bar#. An examination of the stress-strain curves for 304 materials
showed that a considerable increase in yield strength occurred for the amount of strain
estimated to occur in the Bobbin seals of the threaded connectors. On the basis of this

information, it was estimated that the effective compressive yield strength of the mate-
rial in the Bobbin seals would be from 23, 000 to 2S, 000 psi higher than the tensile yield
strength. As shown in Table VII, it was estimated that seals made to the dimensions
given in MSZ7855 would provide adequate radial sealing forces.

TABLE VIII. NOMINAL RADIAL SEALING FCICES FOR 304 SEALS USING DIMENSONS IN
MS27855 MAD ESTIMATED EFFECTIVE COMPAESSIVE YIMD STRENTHS

Tubing Tensnie Yldd Suenob. EatUMAWe Effective Coim- Sealing Fosne Using
size, 0. 2% offs"t. pstve Yie.ld Strengd. 9. lb/in, of seal
in. ksi ksa clicunm•viace

3/4 6o. 0 76.0 1341
3/4 70.0 93.0 1672

1 50.0 36.0 1816

Two bars of cold-rolled 304 were selected for the preliminary tests. One bar had
a certified tensile yield strength of 54, 000 psi, while the other bar had a certified tensile

yield strength of 77, 500 psi. Table IX shows the effective compressive yield strengths
estimated for these materials and the modified inside diameters selected to simulate
the nominal minimum and maximum effective compressive yield strengths.
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TALE IX. MODIFIED INSIDE DIAMETERS OF 304 SEALS USED IN PRELIMINARY TESTS

A BC
Certified Ten-

EKImated Nominal sUe Yield Estimated Ac- Modified
Tubing Compeadve Yield Strength of tual Gompres- Nominal Seal ID to

Size. Strength. Purchased Ma- slve Yield Seal 1D. Simulate. A,
In. kti terial, kol Strength, kal in. in.

3/4 75,0 54.0 79.0 0.572 0.581
3/4 93.0 77.5 100.0 0.572 0.685

1 75.0 64.0 79.0 0.744 0.756
1 Q3, 0 77.6 100.0 0.744 0. 760

Preliminary Test Results

As shown in Table II, the preliminary experimental evaluation of the three candi-
date seal designs consisted of four types of tests: (1) load tests, (2) thermal gradient
tests, (3) vibration tests, and (4) misalignment tests. The procedures and results for
each type of test are discussed briefly.

Load Tests. Seals of each design were load tested to determine whether the de-

sired radial sealing forces were obtained. Each test was conducted in a Universal

testing machine. Each seal was seated with one disk in a plain flange and one disk in a
strain-gaged load ring. As each seal was seated, the axial force needed to seat the

seal was measured by the Universal testing machine, and the radial sealing force
created by the seal was calculated from the strain measured in the strain-gaged load
ring. ;(The load ring was simply a ring of high-strength steel placed around one seal

disk. As the seal disk pressed against the inside diameter of the load ring as a reP, ,t
of the seal seating action, strain gages on the outside diameter of the load ring measured
the strain in the load ring.)

Table X shows the results of the tests, which were made on seals of the designs

listed in Table II Preliminary-Test Summary. The results for the 19-9 DL seals showed
that the effective compressive yield strength of the material was somewhat higher than
that estimated from the literature. In fact, since the strength of the 1-inch plain flange
is limited to about 2300 lb/in, of seal circumference (as determined under Contract
AF 04{6111-11204), the tests showed that 90, 000 psi is the mnaximunm tensile yield

strength that can be accepted for seals machined from 19-9 DL to the dimensions
of MS27855.

Overall evaluation of the 21-6-9 load-test results indicated that the seal designs
-were satisfactory. Although the strain-gaged load ring for the 1/2-inch 21-6-9 seals

yielded during the preliminary load tests, the measured radial sealing forces for the
3/4- and 1-inch seals were very close to the calculated values and it was judged that the
values for the 1/2-inch seals would have been as close. This judgment was strengthened

by the similarity of the average maximum axial force per inch of seal circumference re-
quired to seat the 1/2- and 3/4-inch seals. For the 1/2- and 3/4-inch seals simulating a

tensile yield strength of 50, 000 psi, these values were 750 and 870 lb/in, of seal circurr-

ference, respectively. For the 1/2- and 3/4-inch seals simulating a tensile yield
strength of 70,000 psi these values were 1000 and 1100 lb/in, of seal circumference,

respectively.
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TABLE X. PRELIMINARY LOAD-I EST RESULTS FOR THI CANDIDATE SEAL DESIGNS

Calculated Max- Measured Maxl-
Available(a) Maximum Me&- imum Radial mum Radial

Tubing Simulated Axial sured Axial Sealing Force, Sealing Force,
Seal Size, Tensile Assembly Seating lb/in, of seal lb/in, of seal

Material in. Yield. ksi Force, lb Force, lb circumference circumfereiLce

2730 1300

19-9 DL 3/4 '70. 0 5510 2200 1382 1740
2730 1840

2820 1860

19-9 DL 3/4 90.0 5510 2920 1742 2000
3030 2100
2940 209C

3210 1260
19-9 DL 1 70.0 8'764 3780 1343 1420

3090 1300

3540 1610

19-9 DL 1 90.0 8764 3820 1392 1920
3660 2010

1500
21-6-9 1/2 50.0 2800 1560 1246 (b)

1530

"1980
21-6-9 1/2 70.0 2800 2200 1698 (b)

1980

2475 1530

21-q-9 3/4 50.0 5519 2580 1256 1650
2475 1480

3375 1700

21-6-9 3/4 70.0 5510 3300 1712 1490
3360 1780

2220 1410
21-6-9 1 50.0 8764 2340 96c) 1010

2280 765

2730 1140
21-6-9 1 70.0 8164 1490 1316 1380

2700 1260

304 .1/4 50, 550o 1660 1348 724
1670 795

2130 1110
304 3/4 70. 0 5610 2130 1672 190

2660 1900

2100 1070
304 1 t) 0 8764 200 1315 770

2040 770

2,460 1570
10,1 1 70. 0 8764 1634 102700 1040

(a) Fri.n Table 61, page 177, of AFRPl.-TR-09-9'7,
(b) The load ring yielded, preventing accurate strain-gage reaJings.
jc) These values Pre horn Column C in Table V. since the 1-inch seals were inadvertently

machined to the dimensions in MS 27855.
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Because radial sealing forces were shown under Contract AF 04(611)-1 1204 to be related
to axial seal seating forces, it was judged that the radial sealing forces for the 1/2- and
3/4--inch seals were similar.

The load-test results for the 304 seals showed that the effective compressive yield
strength of the material was much lower than had been estimated from the literature.
Using the measured radial sealing forces, the effective compressive yield strengths were
calculated for the test seals. On the basis of these calculations, it was decided that the
effective compressive yield strength for cold-rolled 304 was approximately the same as
that of 21-6-9. Thus it was concluded that the dimensions for the 21-6-9 seals could be
used for the cold-rolled 304 seals.

Thermal--Gradient Tests. As shown in Table II, tests were conducted for 1-inch
connectors with minimum-strength seal materials of 19-9 DL, 304, and 21-6-9. Six
thermal cy,•.les were conducted on each seal from +200 F to -320 F, using procedures
outlined in MIL-F-27417 (USAF). This specification is contained in Appendix IV. The
results of these tests showed that any of the seal materials and configurations would be
satisfactory sin:e no leakage was measured during the tests.

Vibration Tests. Vibration tests were completed with 1-inch connectors using
minimum-strength seals for all three materials. The vibration test on 19-9 DL was in
addition to the tests on 21-6-9 and 304 shown in Table II. The tests were conducted at a
natural frequency of vibration of approximately 350 cps and at stress levels correspond-
ing to design bending-moment levels of 900 in-lb. Test conditions also included a con-
nector pressure of 4000 psi and a temperature of 200 F. As specified in MIL-F-27417
(USAF), the connector assemblies were vibrated for a minimum of 300, 000 cycles. No
leaks were measured. Thus, the results indicated that any one of the three materials

•nd seal configurations would be satisfactory with regard to the vibration tests.

Misaligment Tests. As shown in Table II, tests were conducted for 1/2-, 3/4-,
and 1-inch connectors under misalignment conditions. For these tests the connectors
were subjected to static bending moments of 60 in-lb for the 1/2-inch, 192 in-lb for the
3/4-inch, and 388 in-lb for the 1.-inch connector.

The maximum misalignment angles at which connector assemblies could be ac-
compiiihed under the above bending-moment loads were 2-1/2 degrees for the 1/2-inch

*. crnnectors, and 1-1/2 degrees for the 3/4- and 1-inch connectors. These misalignment
conditions were found to be independent of the seal variations under study. With an
internal pressure of 4000-psi helium, no ieakage could be detected from any of the con-
ne-tors using a helium sniffing device and a helium mass .pectrometer.

Design Selection

On the basis of the preliminary-development-test rei,ults and the preliminary cor -
ef',6,'ion £1sultz, two approaches to seal material selection were feasible. One was to
specify seal-,nate'ial yield strengths of 50,000 to 70, 000 psi. The "ti'er was to specify
ini-terial yield strengths of 70,000 psi to 90,000 psi. Fcr the first approach, either 304
in a work-hardened cond•iton cr annealed 21-6-9 could be used if the specification seal
dimensions were inrcreastd. For the second approach, 19-9 D.)L material could be
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used azd thc seal dijnensior•a in MS27855 would remain unchanged. Bncauce of the antic-
ipated difkcultiea in obtaining 19-9 DL material, it was mutually agreed with the Techni-
cal Manrger that tIhe first approach would be selected.

Because the original estimates for the verification testing of the selected design

anticipated 'he celection of only one material, there were not sufficient funds to teat

21-6-9 aad )04 seala. it was decided that a complete series of tests would be conducted

wvith 304 stainless stee! since that was the most readily available material. Some of the

verification tests were also conducted with seals made of Z2-6-• to give an increased

understanding of the applicability of this ma t erial.

Verification Test Program

A verification lr pro-ram was established to demonstrate that the seal designs

selected & a .,esult of the prelimin•'r ".t program were satisfactory. A summary of

the verification tests, which vas contained in the work statement, is shown tn Table XI.

The verification tests included three tests in addition to those contained in the prelimi-

nary test schedule. The verification testing wil' be discussed for each type of seal

knaterial,

TABLE X. VE1IMICATION TEST SUMMARY

Seal Size, in.
1/2 3/4 1

Minimum Maximum Minimum Maximum Minimum Maximum

Test Yield Yield Yield Yield Yield Yield

Load test x x x x x x

Thermal gradient x x

Stress-reversal
bending x

Vibration x x

Pressure impulse x x x

Repeated assembly x

Misalignment x x x x x x

Verification Testing of 304 Stainless

Steel Seals

The 304 seals for the verification tests were machined to the same nominal dimen-

sions as the 21-6-9 seals. The basic dimensions are shown in MS27855 of Appendix I,

while the modified tang lengths and disk thicknesses a.e shown in Table VI. An with the

seals for the preliminary tests, it was necessary to modify the x,,side diameters of the

seals to simnulate the norninal minimunx and niaximum tensile yield strengths. These

ID moditicationz Ore shown in Table XII. The seals were nickel plated in accordance

with MIL-P-27418 (USAF). Examination of the seals after plating showed the plating to

be of good quality.
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TABLE XlI. MODIFIED INSIDE DIAMETERS OF 304 SEALS USED IN VERIFICATION TESTS

Tubing Nominal Tensile Actual Tensile Nominal Seal Modified Seal
Size. in. Yield Strength. ksi Yield Strength, ksi ID, in. ID. in.

1/2 50.0 54.0 0.382 0.393
1/2 70.0 77. 5 0.382 0.397

3/4 50.0 54.0 0.572 0.585
3/4 70.0 77.5 0.572 0.590

1 50.0 54.0 0.744 0.761
1 70.0 77.5 0.744 0.766

Load Tests. Table XIII shows the results of the verification load tests conducted

with the 304 seals. The results were judged to be very good. The minimum radial

sealing forces measured with the seals simulating the minimum tensile yield strengths

were close to the desired minimum radial sealing force of 1200 lb/in. of seal circum-

ference. The maximum radial sealing forces measured with the seals simulating the

maximum-tensile-yield-strength material provided a good margin of safety for the

maximum radial sealing force that can be sustained by the I-inch plain flange, i. e.,

2300 lb/in, of seal circumference.

TABLE XIII. VERIFICATION LOAD-TEST RESULTS FOR 304 SEALS

Avallable Mai- Calculated Maximum Mea-
Jxlal mum Radial stated Radial Average Radial

Tubing Simulated Ambly Axial Sealing Sealing Sealing
Size., Tensile Force, Force, Force, lb/in. of Force, lb/in. of Force, Ib/in. of

in. Yield, ksi lb lb circumference circumference circumference

1680 1620
1/2 50.0 2800 1650 1244 1550 1820

1650 1690

1840 1750
1/2 70.0 2e00 1920 1698 1840 1830

1870 1910

2220 1150
3/4 50.0 5510 2240 1256 1720 1480

22220 1570

3080 1760
3/4 70.0 5510 2570 1712 1210 1720

2580 2200

3420 1360
1 50.0 8764 3360 1220 1230 1240

3180 1130

4380 1550
1 70. 0 8764 4500 1665 1790 1625

4320 1540

Examination of the sealing surfaces of the seals after remnoval from the plain flanges

and load rings showed that the width of the sealing surfaces ranged from about 0. 018 to
about 0. 025 inch. This compared very favorably with a desired width of 0. 020 inch.
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The sealing surfaces were uniformly shiny and smooth. These are the conditions needed
to achieve good initial sealing.

Thermal-Gradient Tests, Thermal-gradient tests were conducted in accordance
with MIL-F-27417 (USAF) on minimum-strength seals for 1/2- and 1-inch connectors as
listed in Table XI. Two seals of each size were tested. No helium leakage could be

detected by the mass spectrometer during six thermal-shock cycles.

Stress-Reversal Bending. Two minimum-strength 3/4-inch seals were tested in
stress-reversal bending in accordance with MIL-F-27417 (USAF). No helium leakage;
could be detected during :00,000 cycles of teeting.

Vibration. Vibration tests were conducted in accordance with MIL-F-27417
(USAF) on minimum- strength seals for I/2- and 1-inch connectors as listed in Table XI.
Two seals of each sixe were tested. No helium leakage could be detected during the
tests.

Pressure Impulse. As listed in Tabl: XI, pressure-impulse tests were conducted
with one minimum-strength seal for 1/2-, 3/4- and 1-inch connectors. The connectors
were subjected to pressure impulses of 0 Lo 6000 psi at the rate of 40 per minute until
300, 000 pressure -impulse cycles had been completed. No leakage could be detected
from the connectors. Oil was used as the pressurizing medium to achieve sharp pres-
sure impulses.

Repeated Assembly. A repeated-assembly test was conducted with 25 maximum-
strength 3/4-inch seals in accordance with MIL-F-27417 (USAF). No helium leakage
could be detected during the leakage tests conducted with each fifth seal. In addition, no
damage could be detected to the 3/4-inch plain flange that was used for all of the tests.

Maiigment. Misalignment tests were conducted with minimum- and maximum-
strength seals for 1/2-, 3/4-, and 1-inch connectors as listed in Table XI. The condi-
tions described previously for the preliminary tests were repeated. No helium leakage
could be detected for any of the connectors pressurized to 4000 psi.

Verification resting of 21-6-9 Seals

The verification tests selected for the 21-6-9 suals were the load tests, vibration
test, and misalignment test. These are described briefly.

Load Tests. All of the seals of the three candidate-materials that had been load
tested during the preliminary tests had been machined with modified inside diameters to
simulate the theoretical minimwtn and maximum yield strengths. For the verification
tests of the 21-6-9 seals, it was decided that the inside diameters of the basic design

would be used so a more direct comparison could be made between the calculated radial
sealing forces and the measured radial sealing forces. This approach permitted a more
direct determination of the accuracy of the radial-load-calculating procedure for the
three seal sizes, i.e. , 1/2, 3/4, and I inch.
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The test seals were machined to the dimensions shown in MS 27855, with the disk
and tang dimensions increased as shown in Table VI. The seals were nickel plated in
accordance with MIL-P-27418 (USAF). Table XIV shows the results of the verification
load tests for 21-6-9 seals. As shown in Table XIV, the results indicated that the
method for calculating radial sealing loads becomes more accurate as the seal size in-
creases. This can also be observed in Table XIII, which shows the results of the veri-
fication load tests for the 304 seals.

TABLE XIV. VERIFICATION LOAD-TEST RESULTS FOR 21-619 SEALS

Calculated Maximum Mea - Average Radial
Available Radial Sealing sured Radial Sealing

Tubing Axial Assem- Maximum Force. lb/in. Sealing Force, Force, lb/in.

Size, bly Force, Axial of seal lb/In, of seal of seal

in. lb Force, lb circumference circumference circumference

1740 1720

1/2 2800 2100 1471 2120 1870

1620 1770

2820 1540
3/4 5510 2830 1484 1920 1570

2820 1250

4140 1770

1 8764 3600 1441 1300 1390
3570 1100

Vibration. Vibration tests were conducted with minimumn-strength 1/2- and I-inch
seals in accordance with MIL-F-27417 (USAF). One seal of each size was tested. No
helium leakage could be detected during the tests.

Misalignment. Misalignment tests were conducted with minimum-strength 1/2-,
3/4-, and 1-inch seals under conditions described previously for the preliminary tests.
No helium leakage could be detected for any of the assemblies.

CONCLUSIONS AND RECOMMENDATIONS

On the basis of the work described in this report, it was concluded that:

(1) The 304 seal designs selected for verification testing will provide the

desired improvements in the performance of I/2-, 3/4-, and I-inch
AFRPL stainless steel threaded connectors.

(2) The 21-6-9 seal designs selected for partial verification testing will
probably provide the desired improvements in the performance of
1/2-, 3/4-, and 1-inch AFRPL stainless steel threaded connectors.

(3) Plating specification MIL-P-27418 (USAF) is satisfactory if the
inspection function is modified to include the use of a 5-power glass.
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It is therefore recommended that:

(1) MS 27855 be modified to include the modified tang-length and disk-
thiekness dimernsions shown on Table VI.

(2) MS 27855 be modified to limit the existing material specifications
to 1/8-, 1/4-, and 3/8-inch seals and to limit the tensile yield
strengths to 40,000 psi.

(3) MS 27855 be modified to include the specification of Type 304 stain-
less steel with a minimum tensile yield strength of 50, 000 psi and a
maximum tensile yield strength of 70, 000 psi for use with the
1/2-, 3/4-, and 1-inch seals.

(4) MIL-P-27418 (USAF) be modified to include the use of a 5-power
glass in the inspection function.
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•I APPENDIX II
MS STANDARDS FOR AFRPL 4000-PSI STAINLESS

STEEL THREADED CONNECTORS
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us 27115 Foot CRss YSTEMS
US 8760S9 FOR AL ALY SYSTEMS

* US S7M? FOR CLR15 SYSTEMS

AMB 4M0 FOR AL AIX SYSTEMS

OPTIONAL JOINT DESIGN
TUBING TO TUGINII FITTING INSTALLATION

DASH No. WREKNOCO TO*41U A0 TO~O04SIENISO WRENCH4 Too"U FMR TMVENING
RE ~ CRES FITTON"E (LIN111) 1411270111 AL ALY FITTINGS(LS/INVIMS270103

- - MINIMUM MAXIMUM minimum MAXIMUM

-016 IS am at$10

-01 1/ in00 21115 100 320

-06 Is" 450 $5 20 "a0

all - Ia0 4 1 8 : 140 _ _oO 0 120000

41111 cwAI tT FITTINGS. INSTALLATION Of ALMITAII STAUSAIS
STRAIGHT INREAWO FLMtO CONNECTION M 7 5
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ge's. o4* CLASS
4?730

STEP I

PLACE THEl NT ON T14E TIfIU TO SE ATTACHED TO PLAN
FLAMMS W.LD PLAiN AND THIASEO FLADNES TO TUSIMS.

STEP & U

MOWE DUST CAPS INSPECT SUWACES A. R, C, 0. AN a FDa
OUTWONTMDNATION. ORl SWAM MONUILAINTIS. IF macMS
SESURFACES WITH MEfT I4-'LTWIUfT@SU AMD ORY PARTS

WITH FILTEIE A#* STUIVM 0 WIE PAMT WITH CLEAN
PARI TIMMI NOWUTM WIT" NETHYLETIOIUME1U USACIE *

£ OUST CAPS.

l iP.A. USAF it

"" W o FITTINGS, INSTALLATION OF STRASONT ~SASUS 27850
ODf'-. 672-1I



FED. SUDPCLASI

4730

PLAIN FLANGE -- \, DUST CAPS

4z 4

STEP 3

* COAT MALE THREADS AND SURFACE C WITH L U9RICANT. APPLY
S LU3*ICANT SPARINGLY. WORK THE NUT ONTO THE MALE Tt#*EADS

AND AGAINST SURFACE C BY HAND. RETRACT NUT AND INSPECT
SURFACES FOR EVEN COATING CF LUBRICANT. REMOVE EXCESS

* WORICANT FROM NuNLUSRICATED SURFACES.

-10

SEAL

REM HEREAL FR UID PR CTINECTAPIONG INUETSURACS)
WITH ~ ~ ~ ~ ~ A 2785R0ESDSCR FSUFCSAR CACHDO

74 107

? 3



-NUT

PLAIN FLANGE�-- -- L ,--YHR9API[0 FLANtUE

ILI' 7i

STEP S

NEMOVE W)ST CAPS FROA PLAIN AND THREADED FLANGE AND INSERT
SEAL. NANDL1~4 WITH CLEAN HANDS IS PERMISSIOLE OUT CARE MUST

U K 9XV-PCISEID 1) 4VOIDOLE'TTINIS LUIRICANT ON OIRT ON THE
IG SEALING SURFACES.

S -NUTJ SEAL

PLAIN FLANGE THREADED FLANGE

STEP 6 A

LOCATE PLAIN FLAN*I; SO SEAL IS RETAE NED IN THE SEAL CAVITY Of
NOT" FLANGIES. MAKE CERTAIN SEAL 1S COMPLETELY INSERTED INTO
BOTH PLAI~d AND THREADED FLANGE SEAL CAVITIES.2

DO o ITNS NTALTO FSR1M MILITARY STANDAID
THREADED FLUIrd CONNECTION (US2785

PRCfifton 1nC)IFCAT Ufl~k WET 4 OF 6
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FIG.- SMPA

~I73T

MOT/ PRRUlIL4U

STEP?7

Tlf¶;W~tlk NUT HAND - TiGHTr WHILE MAINTAINING LIGHT, FIRM
Io~tUHE ALONG AXIS OF FITTING TO PREVENT SEAL FROM

a ~ SLSPINQ OUT Of FLANGE CAVITIES.

PIN FLANGE SA

STEPS 0

PLACE OPEN - IN WRENCH ON THREADED rLAt4IIE SURFACES 6
AND HOLD OR ALLOW TO SEMR AGAINST RIGI0 STRUCTURC
TO PREVENT NOTATION. TIGHTEN NUT WITH CALIBRATED TORQUE
WRENCH TO RECOMMENDED TORQUE. IF EITHER FLANGE HAS
RELATIVE ROTATION MORE THAN I/IS TURN, DISASSEMBLE AND
REPLACE SEAL. PROPER ASSEMBLY 1S INDICATED BY TH4EAD
ENGAGEMENT. NO MORE THAN ONE THREAD OF EITHER THE I

THREAIDED FLANGE ORt NUT SHOULD Ot EXPOSED.

Ph.A UAF IifMLTRdi DO ,~M7ILITARY STANDARD
O~m CaftFITTINGS, INSTALLATION OF STRAIGHT

MIL-F-3?4~ THREADED FLUID CONNECTION _ _ _ M _ 7 5 "
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- PIED. SUP CLASS

4730

i

PLAIN FLANGE---/

MS N7T-8 SEAL THREADED FLANGEa US "re : • ~iSSUS 2705l4

US ASSElDLY TU PLAIN TMRSAE0O

0o. NUT LA0N

SNO. O.O.___ FLANGE TSANREAOO SEA

M927052-04 ma 2F5AN0J MS kOI *O /i3 MS 87152 - 0 MSx763lOG M$d72084-00 M58?*5-O
MS 27l51-04 1/4 2 MS27652-04 IuS7455-04 MS 87254-0411 M58I 50

MS i7251-O1 3/S MS287T8-O1 MS271S53-06 MVS57l54-OG MS 275885-2

111971155-16 111 52746t141 Mtn'154-1O S 2785875-0S

____~lO° t/ MS7S {fiSEISS7i MS2S?0541 O M57S15OI8 0-

MS ~llil I 54 MS87058i1- I -___ISS I| -____TO___- li_____ii-_~

M527OSI-IG I JMS8?OSS- I0 j IN5s 7l3- iG M$ 87S54- IG MS 87656l- IS

I.0O0 NOT USE UNASSIGNED PART NUMOERS.
8.tREFER TO MS 87O08 FOR INSTALLATION INSTRUCTIONS.

VFOR DESIGN FEATURE PURPOSES*THIS STANDARD TAKES PRECEDENCE OVER PROCUREMENT
DOCUMENTS REFERENCED HEREIN.

REFERENCED DOCUMENTS SHALL SE OF THE ISSUE IN EFFECT ON DATE OF INVITATIONS POR 1lDO l

Pt UwAT FITTING ASSENSLY. STRAIGHT MILITARY STANDARD
. t THREADED, FLUID CONNCTION.,4000 PSI Mi S 227851 (USAF)

DD.Iw* IA. 672"1. . ,.
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1`1111. NUP CLAN

AF AS4--3

.041 A

-THREAW T12
PER MIL-S-SITS 10*

TPCCX 110, TO H ,-GREAX gam
.010 MAX

63
050.

filCTINc -RU THREW PROFILE VIEW A

NO FART TUSE THREA TIoo MYE
No._ 0.0. ___F-38t.0 2.004 t.005G Tto __

____1? _ _t10 91 2 7.630V.1 54.1 t @.056

_____0_ 34 3;---- -_______ .4-Yk1 .753 .071 .255 .623.04502 .0 .051
unin -6 1t 7 -o 590 W? O6t .255 .635 .9 36 =0.75 .0466

I.15 1-51 .0 1 4 1 UtI~i,-It -23 .961 = 143 ,12 .61

3 LAIGFINISE AT HL BEC~ SPECINED.PE TOLERACESOEIUAS tl

K. BRA EDGESS686 _03bl __F3 TE*IESEIIO

FOCESIGN FEATURE PURPOS(S, THIS STANDARD TAKES PECEZDTNCE OVER
PROCWUMENT DOCUMENTS REFERENCED HEREIN.
REUMC1 0OCUeAENTS SHALL III OF THF ISSU IN EFFECT ON DATE OF

*McwNUT, CRES, FLUID CONNECTION FITTING, MILITARY STANDARD
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PID. 70 CAS

A8C0 1 +

5A 
Ao

PER AM470-7A2

-02 minu -M OR AS476-DOLIK co

VIEW A

A a C 0 1 F 0 H J iii
WA CIA INA INA I"A MA ISmmTI

mS PART TMg +w4'm+n*a O t41

M617663-@S 1/ .32*6.002 .065 J"6 .50 J100 .831 1.136 .217 .440

"was6-04 11 . .nt-0o .174 . 468 .M noe Msi .319 .467 .011

1817665-09 Sof* .3?f*.08 .17 .273 Mill .664 .266 LUG6 .431 .6051 An
M576SI a-0 8/f a 001.00 .160 .470 AM6 ON0 .167 1.380 .SU .631 M6?

usti6fl- , 54 .760*.004 .666 " . M0 1.6 04010 1.365.56 .304

M1765-6I 1.0001.00 .730 .604 1.100 1.2361 .135t 8.S576-1 - 16365

I. ALL WDUEIA4WIS SInsu. cauv c COM CWITMm .006 FOR.
S. MSTERL Cowl""3O r~Saw"T STEEL "aM 564.
S. CLEWANI" nMuIu PMMr INHALt. U CLEANED) PE OL-r-7T417.
4. SAW& TEXTIME . M6 CCOMIDCE WITH WAM 644.1, WILMI OTHORWI

11111201M ALL. MACH43IE sIWES ToN 413 m8cn068CRE.

7. 00 MOT UK UHAIMGIE POT UN1111R
6. WWIE TO MUM76 FMR ASIEHELY.

FORI CUMIE PEATWE MPPOIES THIS STANOAR TAKES PSECEDEU OV9P PMOOJMMET
St DaaaIMNuTS REFERENCES bUENCIN

REFRMNCIICED DOCUMENTS SMALL KOF THE MSUE IN EFFECT ON DATE OF

III, VIAF If TITLE

*"Cwiu FLANKE, PLAIN, CRS FLI MILITARY STANDARD

* MS27853 IGF

ODO.'.v $72 I A.e .au
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NIL-P-27418(USAF)
14 Juv 1967

MILITARY SPECIFICATION

PLATING, SOFT NICKEL
(ELECTRODEPOSITED, SULFAMATE BATH)

1. SCOPE

1.1 Scope. This specification covers the processes and requirements
for soft nickel plating.

2. APPLICABLE DOCUMENTS

Not applicable

3. REQUIREMENTS

3.1 Materials. The materials used shall be such as to produce coatings
which meet the requirements of this specification.

3.2 WorkumshiP.

3.2.1 Basils metal. The basiii metal shall be free from visible defects
that will be detrimental to the pei-formance of the plating. Articles to be
plated shall be stress relieved, cleaned, etched, pickled, plated, and
annealed as required to produce pla ing as specified herein.

3.2.2 Platina The nickel pl.seing shall be smooth, columnar crystal-
line (before annealing - 6.3), adhereat, and free from visible blisters,
pits, nodules, porosity, indications o,' burning and excessive edge buildup,
and other defects. Slight discoloration resulting from annealing, shall
not be cause for rejection. All details of workmanship shall conform to
the best practice for high-quality plating.

3.3 General requirements.

3.3.1 Unless otherwise specified, the plating shall be applied after
all basis-metal heat treatments and mechanical operations such as machining,
brazing, welding, forming, and perforating on the article have been completed.

3.3.2 All articles shall be given a suitable stress-relief heat treat-
ment prior to cleaning and plating. The temperature shall be such that
imaximum stress relief is obtained without reduction in hardness to less than
the specified minintmum.
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NIL-P-27418(USAI)

3.3.3 Unless otherwise specified, the plhting shall be electrodeposited
in an all-sulfamate, chloride-free nickel bath (6.3).

3.3,4 All articles shall be annealed in a vacuum furnace after plating
to obtain the proper plating hardnes•.

3.4 Detail rea*9 emmnts.

3.4.1 PlatInA thicknees. Unless otherwise specified, the plating shall
be 0.0020 inch + 0.0003 inch thick on all surfaces to be plated which can be
touched by a ball 1/16 inch in diameter.

3.4.2 Plating bgundaries. Unless otherwise specified, boundaries of
the plating which covers only a portion of the surface shall be free from
beads, nodules, jagged edges, and other trregularities, and shall blend
smoothly into the unplated surface.

3.4.3 Plativa hrnp.. Unless otherwise specified, the Knoop hard-
neos of the plating after annealing shall not %xceed 150 with a 500-gram
load.

3.4.4 Platina adhesLon. When examined at a magnificatLon of approxi-
mately 4 diameters, adhesion of the nickel plating shall not show separation
from the basis metal when subjected to the test specified in 4.4.2. The
formation of cracks in the basis metal which do not result in flaking,
peeling, or blistering of the coating shall not be considered as nonconfor-
mance to this requirement,

3.4.5 Pro!gcs deviations. Deviations from the specified plating and
annealing requiroinnts of this specification may be authorized by the
Government inspector or the procuring activity provided the contractor
demonstrates that coatings thus produced are equivalent (6.3), for the
purpose intended, to coatings produced under the specified conditions.
Doubtful cases shall be referred to the procuring activity for decision.

4. *qALITY ASSURANCE PROVLSIONS

4.1 Ronlg sibilitv for insoection. Unless otherwise specified by the
contract or purchase order, the supplier is responsible for the performance
of all inspection requirements as specified herein. Except as otherwise
specified, the supplier may utilize his own facilities or any comercial
laboratory acceptable to the Government. The Government reserves the right
to perform any of tha in•.pections set forth in the specification where such
inspections are deemed necessary to assure supplies and services conform to
prescribed requirements.
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4.2 Senarte sIectuens. When the plated articles are of such form as
to be not readily adaptable to a test specified herein, or at the discretion
of the inspector for destructive tests for the sampling of small lot sixes,
or as othervise specified hereine the test shall be made by the use of
spearate specimens plated and annealed concurrently with the articles ropre-
sented. The separate specimens shall be of a basis metal equivalent to that
of the articles represented. "'Equivalent" basis metal includes chemical
coemposition, heat treatment, and finish of surface prior to plating. Due
to the Impracticability of forging separate test specimens, equivalent hot-
rolled steel specimens may be used to represent forged steel articles. The

4" separate specimens shall be strips approximately 1 inch wide, 4 inches lo0g,
and 0.04 inch thick. These specimens shall be introduced into a lot prior
to the cleaning operations preliminary to plating and annealing processes.

f Conditions affecting the plating and annealing of the specimens Including
ii, the spacing and positioning with respect to anodes and to other objects
F,[ being plated, and with respect to the heating surfaces, shall correspond as

nearly as possible to those affecting the significant surfaces of the articles
represented.

4.3 Slia.

4.3.1 Lot. A lot shall consist of plaLed articles of approximately
the saw size and shape, plated and annealed concurrently and submitted for
inspection at one time. Lot size shall not exceed 500 articles.

4.3.1.1 Inspection records of the examination and tests shall be kept
coqplete and available to the Government as specified in the contract or order.

t 4.3.2 Salga ProcedUges for vilsal examination. A sample shall be
taken from each lot by taking at random from the lot the number of articles
indicated in table I. The lot shall be accepted or rejected on the basis
of the sample according to the procedures in 4.3.2.1.

TABLE I

Sampling for visual inspection

Acceptance number-
(maximum number

Number of articles of sample articles
Number of articles in 4ample nonconforming

in lot (randomly selected) to any test)

15 or less 1/ 7 0
16 to 40 10 0

I41 to 110 15 0
III1to 300 25 1
301 to 500 35 1

1/ If the number of articles in the lot is less than 7. the number
or articles in the sample shall equal the number of articles in
the lot.
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4.3.2.1 Vtsual inarection. The nuW.'-,c iJf eAipie articlos indicaed
in table I shll be taken at randow frora tha lot to be, inspected and ex-
aairnwd lisually and ccmrred with requ.reencn of .2.,2 aftec Lvztallng.
If the number of not.covtformtng arricle, -n any sample axcaeis thiw acce",-
ance number tor that sample, the lot repxresentei by the i•ample ho-l1 be
rejcted.

4.3.3 SamR1ina procedure 'ar hanrdnatnd coag thknezz
test.. A small, random ,emplo, of articlet vhall be ,elected from erch lot
by the Governmenrt inspector *ind three sapar Le siecfnwths shaki be Pre~ared
iu accordanre with 4.2 to represent each loc. The nuisber of articles in th&
a~mpla shall be determined by the procurir.g u•cr.vity or shall b* left to the
discretion of the inspector. Each randomly selected sample article shall be
subjected to the thick.,ess test &nd each vi the texree separate npecimens ahrll
be subjected t4 the hardness, adhesion, and thici.ness t:tsts.

4.3.3.1 iHardness. Each specimen shall bt tested in azrcýrdence wit.h
4.4.1 in several locations at which the plating hardkuev woul]J be expected
to be maximum. If the hardness at any place on any spocime, is greater
than the specified hardness, the lot siiall be rejected.

4.3.3.2 Adhesion. Each specimen shall lie tested in accordance with
6.4.2. Failure of one or more of the test specimens shall constitute
failure of the lot.

4.3.3.3 Thickness (destructive test). Each article and specimen shall
be tested in accordance with 4.4.3 in several locations at which the plating
thickness would be expected to be minimum. If the plating thickness at any
place not rffected by the hardness or adhesion tests is greater than or less
than the specified thickness limits, the lot shall be rejected.

4.4 Test methods.

4.4.1 Hardness. standard hardness testing procedures shall be used
to determine the Knoop hardness of the coating within + 5 percent of its
true hardness.

4.4.2 Adhesion. The test specimens shall be bent repeatedly through
an angle of 180 degrees on a diameter equal to the thickness of the apec4-

mn until fracture of the basis metal occurs. Following fracture of the
basis metal, it shall not be possible to detach any appreciable areas of
the coating with a sharp instrument.

4.4.3 ThiLkness. Standard retallographic procedures shall be used
to determine the coating thickness with a microscope. The specific method
and ,•quipment used shall. be such that the coating thickness shall be deter-
mlne*d within + 10 percent of its true thickness.
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4.5 1R1Lal a". Unless otharvise specifiad, plated articles which
havy beer rejected or withdrawn because of the presence of plating de-
fac!ý may be resubmitted after stripping, replamAng, and reannealing the
entir* lot. Complete details of the replating and reannealing shall be
tur,.'sihed to, and be approved by, the inspector or procuring activity.

5. PREPARATION FOR DELIVERY

5.1 There are no general packaging, packing, or marking requirements
applicable to this specification. Packaging when required shall be as
specified by the procuring activity.

6, NOTES

6.1 Intended use. The plating conforming to this specification is
intended to facilitate the formation of a seal between two metallic sur-
faces.

6.2 Orderina data. Requisitions, contracts, and orders should be
accompanied by drawings of the articles to be plated, The procurement
documents should specify the following:

(a) Title, number, and date of this specification.

(b) Instructions concerning the areas to be plated, deviations
from the specified plating thickness, and any other necessary information
pertinent to the plated surfaces.

(c) Instructions concerning the number of articles to be selected
for the thickness test (4.3.3).

(d) Instructions concerning samples for approval (6,6).

6.3 Plating type. According to considerable laboratory testing, the
nickel plating best suited to creating a seal when yielded against a metallic
surface has a columnar crystalline structure before annealing. Thij structure
is illustrated in figure 1. When a process other than the one specified is
recowe!nded by the contractor, the resulting structure of the plating before
annealing should closely approximate the structure shown in figure 1,

6.4 Platin hardness. The acceptance of the plating is determined
according to this specification by tests made after annealing. However,
when the Knoop hardness of the plating prior to annealing is less than
300 with a 500-gram load, the eventual acceptability of the plating after
annealing is indicated (3.4.3).
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Nickel
plating

Basis
metal

Figure 1. Columnar crystalline structure of soft nickel
plating prior to annealing. (500X)

6.5 Plating thickness. The dimensional tolerances of most seals do
not allow for wide variations in plating thickness. The plating thickness
covered by this specification (0.0020 inch) has been selected to provide
maximum uniformity and minimum shear stresses during deformation. When
other thickviesses are desired, adequate tests must be made to determine
the performance of the desired thickness.

6.6 Saalj. This specification describes the characteristics
necessary to secure the desired plating. Unless otherwise specified,
no samples will be necessary prior to award to determine compliance
with this spe-ification. If, for r'-y particular purpose, samples with
bids are necessary, they should be specifically asked for in the invi-
ration for bids, and the particular purpose to te served by the bid
sample should be definitely stated, the specification to apply to all
other respects.
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Cuetod&ans: Preparing Activityt

Air Force 12 Air Force - 12

Review activities:

Air Force- 11, 14, 190, 69, 85

Citvilian Agencies Tnterest:

NAS

Reviewer/user information is current as of the date of this document. For
further coordination of chanSes to this document, draft circulation should
be based on the information in the current DoD Index of Specifications and
Standards.
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FOREWORD

The Liquid Rocket Division of the AFRPL initiated a research

evaluation under Project 314802BCR to perform a series of corrosion

compatibility tests. The data generated from this investigation

are required as an input to Contract F04611-69-C-0028 to determine

-An effective bobbin seal material for application in AFRPL threaded

connectors.

The author wishes to acknowledge the very able techuical

assistance afforded him by personnel of the Chemical & Materials

Branch of the Air Force Rocket Propulsion Laboratory. Special

thanks are in order to the following people: Major R. Schalov and

Airman G. Whiting for the metallurgical discussions concerning all

aspects of the program; Sgt D. Conatser, T. Ovens, and L. Dee for

their assistance in designing and operating the ClF3 "Transfer"

station; and to Mr. J. T. Nakamura for his guidance and supervision

duriag the conduct of this program.

42



MATERALIS/PROPELLANT COMPATIBILITY PROGRAM

(Interim 3-month Report)

1. INTRODUCTION

An effective bobbin seal, compatible with nitrogen tetroxide

(N2 04 ) and chlorine trifluoride (CIF 3 ), for application in the

AFRPL threaded connector is required. The selected materials were

19-9DL, ARMCO 21-6-9, and cold rolled 304 stainless steel obtained

in sheet form from Battelle Memorial Institute. Coupons of thut

"three waterials were totally immersed in liquid N20 4 (Mil Spec No.

9135-926-2165) and CIF (purchased from J. T. Baker Co., Torrance,
3

California), respectively, at a temperature of 160"F. Data for

non-plated and nickel-plated specimens of the above materials were

required.

/

I1. EXPEUIMENTAL PROCEDURE
A. Preparation Technique.

Unstressed coupons (Fig. 1), abraded with 240 grit paper to

remove the mill finish, were used to determine the type of corrosion

attack, i.e., general, pitting, or intergranular. U-bend specimens
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were used to test stress corrosion susceptibility. (Fig. 2) Care wtw

taken in the shaping of the coupons so that as soon as the U was formed

the retainer strip was inserted to preclude relaxation of the stresses

applied.

Two types of test containers were used: ten ounce glass bottles

for the N2 04 test and 347 SS containers with all metal-packing valves

for the CiF3 test. Figures 3 and 4 picture the test set-ups, respec-

tively. The glass bottles and caps were ultrasonically cleaned in an

acid solution, rinsed in acetone, and oven-dried at 80*C. The 347 SS

containers were vapor degreased, acid cleaned in H3 POe, electro-

polished, rinsed in distilled water, and dried in gaseous nitrogen.

Prior to the start of the CUF 3 program, the 347 SS containars plus test

specimens were passivated with gaseous ClF 3 for at least 24 hours.

A. Weighing Technique.

1. Before Test

All of the test coupons were rinsed with acetone, blown

dry in a gaseous nitrogen atmosphere, placed in a drying oven at 80C

for approxinately one-half hour, then left in a dessicator overnight.

The coupons were then removed from the dessicator with Teflon-tipped

tweesers and weighed to &n accuracy of t 0.0001 gms.

2. After Test

a. N 204 Procedure - The coupons were removed from the

glass bottlfc containers with Teflon-tipped tongs and immediately

submerged into a beaker of freon. The same weighing procedure was
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then followed, i.e., the coupons were dried in a gaseous nitrogen

atmosphere, oven dried, and left in a dessicator overnight. They were

then weighed in the same balance previously used.

b. CiF Procedure - The CIF was disposed of in a
3 3

specially designed "transfer" station. The stainless steel container with

the specimen was then purged with gaseous nitrogen. The container was

evacuated, then completely submerged in a large bucket of freon. The freon

was then allowed to be "sucked" into the container. (This precluded

exposing the coupons to the atmosphere upon removal). The coupons were

then removed with Teflon-tipped tongs from the freon-filled container,

dried in a gaseous nitrogen atmosphere, and the same pre-weighing steps

as mentioned above were followed.

C. Examina: Techni'ue

Corrosi, data were obtained on the basis of weight change,

and visual, opti, il, and metallographic examination. A stereo-zoom

microscope (5X to !SX) was used for the optical examination. The metallo-

graphic examination included magnifications from 80X to 200X.

Exposure times for the different test specimens are shown in

Table I.
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Table I EXPOSURE TIULS

Material 4 Wks 12 W4ks 24 Wks Remarks

19-9DL A-B A-B A-B A - Non-Plated

Armco 21-6-9 A-B A-B A-B B - Nickel-Plated

304 A-B A-B A-B

Material Weeks Remarks

1 4 8 12 16 24

19-9DL U U U U U U U-bend specimens

Armco 21-6-9 U U U U U U for stress corrosion

304 U U U U U U testing

,
NOTE: The above test plan was used for both the N2 04 and CiF3 testing.
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IV. RESULTS AND DISCUSSIONS

A. N2014 Tet:t - After three montis of testing, the nou-plated

coupons show no evidence of corrosion. In addition, the weigi4. change

of these coupons after trest is considered negligibl4 (Taole II).

The nickel-plated coupons were almost completely covered with a

lime-green semi-adherent corrosion product identified by x-ray analysis to

be Ni(No 3 ) 2 .X112 0, where X - 2, 4, & 6; X - 6 was the predominiant type.

The first nickel-plated coupons were removed after 4 weeks of test. The

average weight gain was 0.06 ± 0.01 gms. The 12-week nickel-plated coupons

had an average weighl gain of 0.04 ± 0.01 gms. It appears, therefore, that

there is no additional weight gain after the initial gain that occurs

within a 4-week period.

The U-bend specimens show no evidence of stress corrosion cracking

to date.

It appears fruv,, ?-he d~ta gi.thered in The past three awnths, that

the three types of stainless steels in the unplated condition are

compatible with N2 0 4 under the test conditions described. The nickel-

plated coupons, however, are conside-ed incompatible due to the forma-

tion of the lime-greet nickel nitrate corrosion product.

B. ClF3 Test - There has been no evidence of corrosion, including

stress corrosion cracking, on any of the test specimens. In addition,

the weight change averaged ±0.004 ± 0.0001 gms. which is considered
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negligible. (Table II) The only change to repor: is a slight bluish

tint on the unplated specimeas. The nickel-plated specimens have not

changed from their original appearance.

It appears so far that the three candidate stainless steels are

compatible with C1F 3 in both the plated and unplated conditions.
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Table II. WEIGHT CI1ANGLS

Legend: A - 304 CRES Example: NP (Non-plated)
B - 19-9DL A-I-P (Ni-plated)
C - Armco 21-6-9 4 ý-U (U-bend)

Type Specimea
Steel No.

I. NO Test

Test Initial Wt..R
Sample Period (wks) Wt. (Gins) Ciane Remarks

A-l-NP 4 8.5398 +0,0001

A-2-NP 12 8.5291. -0.0004

A-3-NP 24 8.5926 'till n Teat

A-4-P 4 7.3454 +0.0733

A-5-P 12 7.4850 +0.0390

A-6-P 24 7.7169 Still in test

B-1-NP 4 9.2352 -0.0002

B-2-NP 12 9.1835 -0.0071

B-3-NP 24 9.2099 Still iii Test

B-4-P 4 8.1735 ? Bottle broke during Lvst

B-5-P 12 8.3627 +0.0478

B-6-P 24 8.1564 Still in Test

C-i-NP 4 8.4897 -0.0002

C-2-NP 12 8.4030 +0.0001

C-3-NP 24 8.4776 Still in test

C-4-P 4 7.3838 +0.0613

C-5-P 12 7.4227 +0.0628

C-6-P 24 7.3628 Still in test

NOTE: U-beni specimens were not weighed.
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II. CiF• Test

Test 11i t i al W t.
Sample Period (wks) Wt. (Gls) e RCldrks

A-L3-NP 4 8.5806 +0.0004

A-14-NP 12 8.8396 -0.0004

A-15-NP 24 8.6410 Still in test

A-16-P 4 7.4856 +0.0002

A-17-P 12 7.4247 +0.0001

A-18-P 24 7.4655 Still in test

B-I3-NP 4 9.1360 +0.0003

B-14-NP 12 9.2116 +0.0001

B 15-NP 24 8.3835 Still in test

B-16-P 4 8.1303 0.0000

B-17-F 12 8.1769 +0.0001

B-18-P 24 8.3307 Still in teat

C-13-NP 4 8.4668 +0.0003

C-14-NP 12 8.5117 +0.0004

C-15-NP 24 8.4145 Still in test

C-16-P 4 7.2249 +0.0001

C-17-P 12 7.2713 -0.0003

C-18-P 24 7.5521 Still in teact

NOTE: U-bend specimens were not weighed.
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MIL-F-27417(USAF)
.l4 July 1967

MILITARY SPECIFICATIO•j

FITTINGS, ROCKET ENGINE, FLUID CONNECTION

1. SCOPE

1.1 S coe•. This specificatio'ý establishes the requirements for
connection fittings for use in rocket engine fluid systems (6.1).

1.2 Classification. Fittings shall be furnished, as classified
by pressure, temperature, and material, in the styles designat.d by the
applicable MS standards as specified herein or other engineering standard
drawings approved by the procuring activity (6.1 and 6.2).

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of
invitation for bids or request for proposal, form a part of the speci-
fication to the extent specified herein.

SPECIFICATIONS

Federal

NN-P-515 Plywood, Container Grade
PPP-B-566 Boxes, Folding, Paperboard
pP-a.-585 Boxes, Wood, Wirebound

PPP-B-591 Boxes, Fiberboard, Wood-Cleated
PPP-B-601 Boxes, Wood, Cleated-Plywood
PPP-B-621 Boxes, Wood, Nailed and Lock Corner
PPP-B-636 Box, Fiberboard
PPP-B-665 Boxes, Paperboard, Metal Stayed

(Including Stay Material)
FPP-B-676 Boxes, Set-Up, Paperboard
PPP-C-96 Cans, Metal, 28 Gage and Lighter

Military

MIL-P-1l6 Preservation, Methods of
MIL-P-130 Paper, Wrapping, Laminated and Creped
MIL-S-5002 Surface Treatments and Metallic Coatings for

Metal Surfaces of Weapons Systems

LFSC 4730__

S~57



MIL-F-27417

HIL-U-5606 Hydraulic Fluid, Petroleum Bas#, Aircraft and Ordnance
MIL-H-6083 Hydraulic Fluid, Petroleum Ban4, Preservative
HIL-H-6088 Heat Treatment of Aluminum Alloys; Process for

(Aircraft Applications)
MIL-S-8879 Screw Threads, Controlled Radigs Root with Increased

Minor Diameter, General Specification For
MIL-L-10547 Liners, Case, and Sheet, Overvrap. Water-Vaporproof,

Flexible
MIL-B-13239 Barrier Material, Waterproofed, Flexible All Temperature
MIL-P-17667 Paper, Wrapping, Chemically liputral (non-corrosive)
KIL-P-27407 Propellant, Pressurizing Agent, Helium

MIL-P-27418 Plating, Soft Nickel (Electrodeposited, Sulfamate Bath)

STANDARDS

Military

MIL-STD-105 Sampling Procesures and Tables gor Inspection by
Attributes

MIL-STD-129 Harking for Shipment and Storage
MS 27850 Fittings, Installation of Straight Threaded Fluid

Connection
MS 27851 Fitting Assembly, Straight Threaded, Fluid

Connection, 4000 PSI
MS 27854 Flange, Threaded, Crg.., Fluid Connection Fitting,

High Pressure
HS 27855 Seal, Crea., Nickel Plated, Fluid Connection

Fitting, High Pressure
MS 27856 Fitting Assembly, Straight Threaded, Fluid

Connection, Low Pressure
MS 27860 Seal, Aluminum* Fluid Connection Fitting, Low Pressure
MS 27862 Elbow 90, Aluminum, Fluid Connection Fitting, Low

Pressure
HS 27863 Tee, Alusinum, Fluid Connection Fitting, Low Pressure
MS 27866 Elbow 90"0 Cres., Fluid Connection Fitting, High Pressure
MS 27867 Tee, Cres., Fluid Connection Fitting, High Pressure

(Copies of specifications, standards, drawings, and publications required
by suppliers in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.)

I

2.2 Other publications. The following documents form a part of this
specification to the extent specified herein. Unless otherwise specified,
the issue in effect on date of invitation for bids or request for proposal
shall apply.
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M2IL-F-27417 (USAF)

Society of Automotive Engineers

AMS 4083 Aluminum Alloy Tubing, Seamless, Dravn, 1 Mg - 0.6 Si
0.25 Cu - 0.25 Cr (6061-T6)

AMS 4117 Aluminum Alloy Bars. Rolled, I Mg - 0.6 Si - 0.25 Cu -

0.25 Cr (6061-T6)
AMS 4127 Aluminum Alloy Forgings, I Mg - 0.6 Si - 0.25 Cu -

0.25 Cr (6061-T6)
AMS 5567 Steel Tubing, Seamless or Welded, Corrosion Resistant,

19 Cr - 10 Ni (SAE 30304), Hydraulic, Solution Treated
AMS 5639 Steel, Corrosion and Heat Resistant, 19 Cr - 9 Ni

(SAE 30304)
AMS 5646 Steel, Corrosion and Heat Resistant, 18 Cr - 11 Ni -

(Cb + Ta) (SAE 30347)
ANS 5650 Steel, Corrosion and Heat Resistant, 20 Cr - 20 Ni

(SAE 30310)
AMS 5651 Steel, Corrosion and Heat Resistant, 23 Cr - 13.5 Ni

(SAE 30309)
AMS 5735 Steel. Corrosion and Heat Resistant$ 15 Cr - 26 Ni -

1.3 Ho - 2.1 Ti - 0.3 V
AS 478 Identification Harking Methods

(Copies of SAE publications may be obtained from the Society of Automotive
Engineers, Inc., 485 Lexington Avenue, New York, New York 10017.)

Handbook for Contamination Control of Liquid Rocket Propulsion Systems

(Copies of this handbook may be obtained from Aerospace Industries
Association, 610 Shoreham Building, Washington, D. C. 20008.)

3. REQUIREMENTS

3.1 Qualification. The fittings furnished under this specification shall
be products which have been tested and have passed the qualification tests
specified herein.

3.2 Materials. Fittings shall be fabricated of materials as specified
on the applicable standards.

3.2,1 Heat treatment.

3.2.1.1 Aluminum alloy. Mechanical properties and final temper of
aluminum fittings shall be as specified in 3.2.1.1.1 and 3.2.1.1.2. All
heat treatment shall be done prior to finish machining.

3.2.1.1.1 Nuts. flanges, and forginits. Unless otherwise specified,
aluminum material used for nuts and flanges shall conform to AHS 4117 and
forgings shall conform to AMS 4127. Final temper shall be T6.
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MIL-F-27417(USAF)

3.2.1.1.2 Seals. Unless otherwise specified, aluminum alloy
material used for seals shall conform to AMS 4127, and shall be solution
heat treated, overaged, and stabilized prior to finish machining. Over-+10

aging shall consist of heating AMS 4127 temper T6 at 425 +10 degrees

Fahrenheit in a vacuum or electric furnace for 10 hours and air cool.
The overaged aluminum material shall have the following properties:

(a) Ultimate tensile strength, psi 39,000 to 43,000

(b) 0.2% yield strength, psi 34,000 to 36,000

(c) Modulus of elasticity, x 106 psi 9.5 to 11

(d) Hardness, 500 kg Brinell 70 to 76

(e) Elongation in 2-in. length, percent 15 to 17

3.2.1.2 Corrosion-resistant steel. Mechanical properties of corrosion-
resistant steel fittings shall be as specified in 3.2.1.2.1, 3.2,1.2.2, and
3.2.1.2.3.

3.2.1.2.1 Flanges and forginas. Unless otherwise specified,
corrosion-resistant material used for flanges and forgings shall conform
to AIMS 5646 (4.9.6).

3.2.1.2.2 Seals., Unless otherwise specified, corrosion-resistant
material used for seals shall be hot-rolled, cold-rolled, or cold-drawn
material and shall conform to AMS 5639, AHS 5650, or AMS 5651, and shall
be annealed prior to finish machining. The material shall have th, follow-
ing properties:

(a) Hardness - 160 to 180 Brinell
(b) Yield strength - 30,000 to 40,000 psi

3.2.1.2.3 Nuts. Unless otherwise specified, corrosion-resistant
material used for nuts shall conform to AHS 5735 and shall be heat treated
prior to finish machining, Heat-treated properties shall be certified to
satisfy AMS 5735.

3.3 Design and dimensions. The design and diaensions of fittings shall
be in accordance with the applicable MS standard.

3.3.1 Passages.

3.3.1.1 Drill offset. On straight fittings where the fluid passage is
drilled from each end, the offset between the drilled holes at the meeting
point of the drills shall not exceed 0.015 inch. It shall be possible to
pass through the fluid passage a ball with a diameter 0.020 inch less than
the minimum diameter specified for the passage. This does not mean that the
drilled passage may be smaller than that required by the MS standard.
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3.3.1.2 Ahale fittings. o angle fittings, the cross-sectional area
at the Junction of the fluid passages @hall not be smaller than the cross-
sectional area of the smaller passage.

3.3.2 'Treads. Unless otherwise specified, straight threads shall be
of the unified extra-fine form (UNJEF) and shall conform to HIL-S-8879 except
the threads may be cut, ground, or rolled.

3.3.2.1 Roll,!d .:hreads. The grain flow in the threads shall be con-
tinuoum and shall ioliow the general thread contour, with the maximum density
at the thread roots as shown in figure I. Laps and seams whose depth is within
the limits of table I are acceptable on the crest, and the nonpressure thread
flank atbov the pitch diameter. Laps and seame are not acceptable on any partof the pressure thread flank, in the thread root, or on the ncnprz;zure threadflank extending from above to below the pitch diameter.

__PITCH

I_ MINOR

MAJOR DIAMETER DIAMn

PERMISSIBLE NONPERMISSIBLE

SURFACE LAPS AND LAPS AND
RRGULARITIES EM

NONPRESSURE SIDE

Figure 1. Grain flow and irregularities
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TABLE I

Depth of laps., seams, surface irregularities, and
discontinuities in rolled threads

FLtting size Depth (inch) (max)

-2 0.006
-3 .006
-4 .007
-1 .007
-6 .008
-8 .009

0 through -16 .010

3.4 Finish.

3.4.1 Aluminum-alloy fittings. The surface of alumLnum-alloy artLcles
shall be free of pits, powdery coatLngs, discontinuities such as scratches or
breaks and shall be uniform in appearance. Discoloration shall not be cause
for rejection.

3.4.2 Corrosion-resLstant steel fittLnus.

3.4.2.1 CorrosLon-resLstant steel flanges and forgLngs sla&l be passL-

rated and capable of meetLng the requirements of HIL-S-5002.

3.4.2.2 CorrosLon-reslstant steel seals shall be surface-treated in
accordance with MIL-P-27418.

3.5 Identification of product. All parts shall be identified in accord-
ance with the instructions specified in 3.5.1 and 3.5.2.

3.5.1 HIS Standard symbol and manufacturer's trademark. Unless otherwise
specified, all fittings and nuts shall be marked wLth the part number and the
manufacturer's identification.

3.5.2 Size, method, and location of markln . Marking shall be accom-
plished by ink stamp or electrochemical etch on the flanges, forgings, and
nuts in the locations indicated on the applicable standards in conformance
with AS 478-7A2 or -30.

3.6 Performance. The fittings when welded to tubing, assembled per
HS 27850, and tested in accordance with applicable procedures specified in
section 4, shall be capable of the performance specified in 3.6.1 through
3.6.8 and in table II.
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MIL-F-2T417 (USAr)

TABLE II

Performance data

TUBE OD, in. 1/8 1/i4 3/8 1/2 3/4 1

Dashi size -2 -4 -.6 -8 -12 -16

Tube wall
thickness, in. .020 .035 .o49 .065 .095 .134

Working pressure,

4J Working temperature
rawe, OF -30 to 600

"•- Burst pressure at 10,300 114,200 10900
room temp., psi 14,500 10,600 11,000

Stress level in tube
for flexure test,+0 % psi20,000+0-10 %, psi

Tube vail --- .022 .028 .035 .035 .049
thickness, in.

Working pressure, 1,000 1,000 1,000 1,000 750 T50S•psi_ _ _ _ _ _ _ _ _ _

.4 Working temperatureS• m OF-430 to 200
o 8 • range, OF

- Stress level in tube
Si for flexure test, 19,•O0

+0
-10 %' psi
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MIL-F-27417(USAF)

3.6.1 Leaka&e. Unless otherwise specified, maximum leakage for all
conditions except burst pressure shall be measured with a mass spectrometer,
and helium per HIL-P-27407 -hall be used as a pressurizing agent. A steady
leakage rate for a 60-second period exceeding 7 x 10-7 atmospheric cubic
centimeters per second shall be considered an excessive leak and cause for
rejection. The helium mass spectrometer shall be calibrated with an indicated
helium background no greater than 5 x 10-8 atm cc/sec.

3.6.2 Proof pressure. Minimum proof pressure shall be 1-1/2 times the
operating pressure shown in table 11 without exceeding 7 x 10-7 atm cc/sec
or permanent deformation (4.9.1).

3.6.3 Burst pressure. All fittings subjected to the burst pressure
test shall not fail structurally (4.9.1).

3.6.3.1 Minimum burst pressure for corrosion resistant fittings
shall be twice the operatLng pressure shown in table II when at maximum
temperature or three times the operating pressure shown in table II when
at room temperature.

3.6.3.2 Minimum burst pressure for aluminum alloy fittings shall be
twice the operating pressure shown in table II at maximum temperature.

3.6.4 Thermal shock. At least one of the four samples of each of tte
assembly material ccibinations (tube, flanges, nut, and seal) shall withstand
six thermal shock cycles without leakage or failure of the fitting parts
when tested in accordance with 4.9.2. (Tube failure external to the tube-to-
fitting joint prior to six complete cycles is acceptable on any of t01 otser
three samples. Leakage of any seal or tube-to-fitting joint prior to six
cycles shall constitute failure.)

3.6.5 Flexural strength. At least one of the four samples of each of
the assembly material combinations (tube, flanges, nut, and seal) shall with-
stand 300,000 cycles of flexure, without leakage or failure of the fitting
parts when tested in accordance with 4.9.3. (Tube failure external to the
fitting joint prior to 300,000 cycles is acceptable on any of the other three
samples. Leakage or failure of any flange, nut, or seal on any sample prior to
300,000 cycles shall constitute failure.)

3.6.6 Vibration. kt least one of the four samples of each of the
assem•bly material combinations (tube, flanges, nut, and seal) shall withstand
300,000 cycles of vibration without leakage or failure of the fitting parts
win tested tn accordance with 4.9.4. (Tube failure external to the tube-to-
fitting Joint prior to 300,000 cycles is acceptable of any of the other three
samples. Leakage or failure of any flange, nut, or seal on any sample prior
to 300,000 cycles shall constitute failure.)
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3.6.7 Mapeated assemblX. Fittings of •.l matlal,•s ehall he capable of
the required number of repeated assemblies At both the minfiwmi and rn~imum
torques, without leakage or indication of failure of t~he nut or flanges

(4.9.5). Twenty repeated assemblies shall be the minimum requireent for
aluminum alloy and corrosion resistant steel fittings. The seaL shalt be
discarded and a new seal used for each repeated assembly. No deformation
in excess of 0.002 inch in the dimensions specified in 4.9•5.,. is permissaLble
and no visual damage to the sealing surface of the seal ccvity shall be
evident when examined with a 10-power lens.

3.6.7,1 Minimum openia•. Th,.' internal passages of the flanges and the
tubing shall conform to the requireiwi.te cf •.3.I.1 and 3.3.1.2 throushout
the repeated assembly tests.

3.7 Contamination control. All articles shall be cleaned to level E
(Handbook for Contamination Control of Liquid Rocket Propulsion Systems,
Aerospace Industries Association) and shall be individually sealed in poly-
ethylene bags.

3.8 Workmanship. Machined surfaces of flanges, nuts, and seals, shall
be free from burrs, longitudinal or spiral tool marks. Unless a finer finish
is specified on applicable drawings, sealing surfaces on flanges shall be
smooth, except that annular tool marks up to 32 microinches arithmetical average
(AA) will be acceptable. All other machined surfaces shall not exceed 63 micro-
inches AA. Unimachined surfaces, 3uch as forging surfaces, and barstock flats
shall be free of cracks, laps, and seams, and except for forging parting lines,
shall not exceed 125 micr,,nches AA.

4. QUALITY ASSURANCE PROVISIONS

4.1 Resgonsibility for inmnections. Unless otherwise specified in the
contract or purchase order, the supplier io respo'nsible for the performance of
all inspection requirements as specified herein. Except as otherwise specified,
the supplier may utilize his own facilities or any comwrcial laboratory
acceptable to the Government. The Government reserves the right to perform
any of the inspections set forth in the specifications where such inspections
are deemed necessary to assure that supplies and services conform to prescribed
requirements.

4.2 Lot. A lot shall consist of all parts of a given part number made
from the same batch of material of tht applicable material specification and
processed at the same time. For seals, a lot shall not exceed 500 pieces.

4.2.1 Record maintenance. The supplier shall maintain a record of
inspections applied to each lot.
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4.2.2 Katerial certificatkon. Records of chemical composition analysis,
mechanical property tests showing conformance to the test requirements
speciried in MIL-lI-60$8. shall be made available to the Governmant inspector
for each lot of fittings.

4.3 Classification of tests. Unless otherwise specified, testing of
fittings shall be classified as follovs:

(a) Qualiiication test (4.4)

(b) Quality conformance tests (4.5)

4.4 Qualification tests.

4.4.1 Smglina instructions. Qualification test samples shall consist
of parts specified in table III, for each size and material for which qualifi-
cation is desired.

4.4.2 Tes... Qualification tests shall consist of th, following
requirements and tests, as applicable, and as specified in sections 3 and 4:

(a) Quality conformance tests
(b) Proof pressure (4.9.1)
(c) Burst pressure (4.9.1)
(d) Thermal shock (4.9.2)
(a) Flexure (4.9.3)
(f) Vibration (4.9.4)
(g) Repeated assembly (4.9.5)

4.5 guality conformance test.

4.5.1 Sag~ling.

4.5.1.1 Non~destructive tests, Unless otherwise specified, sampling for
material, thred inisdimensions, marking, surface defects, and workman-
ship shall be at random in accordance with MIL-STD-105 at an acceptance quality
level (AQL) of 2.5 percent.

4.5.1.2 Dectructive tests, Sampling for tests specified in (d) through
(j) of 4.5.2 shall be performed in accordance with MIL-STD-105, inspection
level S-1, acceptance number zero.

4.5.2 Test.. Each individual lot of forgings, flanges, nuts, and seals
shall conform to the following requirements and be subjected to the following
tests, as applicable, and as specified in sections 3 and 4:

(a) Exainination of product (4.8.1)
(b) Chemical composition (3.2 and 4.2.2)
(c) Physical properties (3.2.1.2.1 and 4.2.2)
(d) kietallurgical properties (seal only) (3.2.1.2.2 and MIL-P-27418)
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TABLE III

Qualification test samples

Quantity Part No. Material Applicable test

4 each MS 27866

4 each MS 27867 I/ Proof pressure (3.6.2 and 4.9.1)
4each MS 27862 2/ Proof pressure (0.6.2 and .4 .9.1)4 each MS 27863

4 each MS 27866 i/, 3/ Burst pressure (3.6.3 and 4.9.1)
4 each MS 27867 -- ' --

4 each MS 27862 2/ 3/ Burst pressure (3.6.3 and 4.9.1)
4 each MS 27863

Seach MS 27851 Thermal shock (3.6.4 and 4.9.2)
4 each MS 278516./
4 each MS 27851 _ Flexure (3.6.5 and 4.9.3)
4 each MS 27856 2/

14 each MS 27851 1/ Vibration (3.6.6 and 4.9.4)4 each MS 27856 2/
2 each MS 27851 I/2 each MS 27856 1/ Repeated assembly (3.6.7 and 4.9.5)

""2 each MS 27856 1

2 each MS 27855 1/ Hardness (seal only) (4.9.6.2)
2each MS 27860 21 ______________

4 each MS 27854 1/ Grain flow (3.3.2.1 and 4.9.7)

2 each MS 27855 1/, 5/ Grain structure (seal only) (4.9.8)

2 each MS 27851 1/ Seal interface (4.9.9)
2 each MS 27856 2/

2 each MS 27855 1/, •/ Adherence (4.9.10)

4/ 4/ Quality conformance tests

l/ Corrosion-resistant steel fittings only.
2/ Aluminum-alloy fittings only
3/ This test specimen may be obtained from the proof pressure test

(4.9.1) after its completion.
4/ All samples subjected to qualification tests shall previously

have been subjected to the specified quality conformance tests
(a), (b), (c), (e), of 4.5.

5/ This test specimen may be obtained from the seals hardness test
(4.9.6.2) after its completion.
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(W) Hardness (3.2.1.2 and 4.9.6)
(f) Grain flow (3.3.2.1 and 4.9.7)
(g) Grain structure (seal only) (4.9.8)
(h) Seal interface (4.9.9)
(i) Burst pressure (4.9.1)
(j) Adherence (seal only) (4.9.10 and !IL-P-27418)

4.6 Reiection and retest. Rejected lots shall be resubmitted for retest
and acceptance in accordance with MIL-STD-105. Parts subjected to non-
destructive tests and fatling to conform to the requirements of these tests
shall be rejected. Parts subjected to destructive tests shall be discarded.

4.7 Test conditions.

4.7.1 Thread lubricant. Thread lubricant shall be applied as specified
in MS 27850.

4.7.2 Test fluid. The test fluid shall be helium gas conforming to
MIL-P-27407 for all tests except the burst test for which hydraulic fluid
conforming to HIL-H-5606 or MIL-H-6083 may be used.

4.7.3 Assembly torques. Fittings shall be tightened with a torque
wrench calibrated to be accurate to within +5 percent. Kinimum and uaximum
assembly torques shall be those designated in MS 27850.

4.7.4 Tube material and working Pressure. Aluminum-alloy fittings shall
be tested with aluminum-alloy tubing as specified in MIS 4083. Corrosion-
resistant steel fittings shall-be tested with annealed stainless steel tubing
as specified in ANS 5567. Working pressure shall be as specified in table II.

4.7.5 Proof pressure. Unless otherwise specifirl proof pressure shall
be 1-1/2 times the working pressure specified in tabJ. &I.

4.7.6 Burst pressure. Unless otherwise specified, burst pressure shall

be twice the working pressure specified in table II.

4.8 Examinations.

4.8.1 Each lot of fittings shall be examined to determine conformance
with this specification and the applicable standards with respect to material,
dimensions, threads, wall thickness, surface defects, finish, marking, and
workmanship.

4.8.2 Preparation for delLverM. The preservation, packaging, and
marking shall be examined for conformance to section 5.

4.8.2.1 Samulion. Sampling shall be performed in accordance with HIL-STD-
105, inspection level S-l, acceptance number zero. Classification of defects
shall be as shown in table IV.
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TABLE IV

Classification of defects for preparation for delivery

Item Defects

Exterior and interior Hissing, incorrect, incomplete,
markings illegible, of improper size,

location, sequence, or method
of application

Materials Any nonconforming component;
component missing, damaged,
or otherwise defective

Workmanship Inadequate assembly of com-
ponents

Exterior and interior Number per container is more
weight or content or less than stipulated; gross

or net weight exceeds the
requirement

4.9 Test methoda.

4.9.1 Proof and burst yresgsure. For qualification, elbows and tees
shall be used in this test. Fittings shall be assembled so that at least
8 inches of free tubing extends between the two restraints of the test
fixture. One half of the samples shall be assembled at minimum torque and
the other half shall be assembled at maximum torque. The fittings shall
be raised to the proof pressure for 5 minutes and shall be heated to the
maximum temperature listed in table II. Leakage shall be continuously
monitored with a mass spectrometer. For the burst test the fitting shall
be at room temperature for the corrosion resistant steel fittings and
maximum temperature for aluminum alloy fittings. Continuous monitoring
of leakage need not be performed if hydraulic fluid is used. Pressure
shall be raised at a rate of 20,000 + 5.000 psi per minute until burst
or leakage occurs, as indicated by changes in gage pressure.

4.9.2 Thermal shock. For qualification tests only straight tube
tittings shall be used. One half of the samples shall be assembled at
minimum torque and the other half at maximum torque. A bellows-type
expansion chamber evacuated to a mass spectrometer shall enclose the
fitting. The net axial force exerted on the tube assembly by thermal
expansion or contraction of the bellows expansion chamber shall not
exceed 50 pounds.
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The fittlii assembly shall beheated to the uazmmAtampazalure specified in
table II, and pressurized for 5 &inutes at the proof pressure. If leakage
does not exceed 7 Y 10-7 atm cc/sec. the pressure shall be reduced to the
working pressure and the fitting shall be cooled to room temperature.
Thereafter six thermal shock cycles, as specified in table V, shall be
performed. The pressure shell be held constant throughout the test at all
temperatures. Upon completion of the six thermal shock cycles, the pressure
shall be raised to proof pressure for 5 minutes.

TABLE V

Sequence of thermal shocks

Cycle number - --

1 2 3 4 5 6

Initial temperature RT RT RT V1/ / 1/
Intermediate temperature -320 -320 -320 RT RT RT
Cooling period, min. 5-8 5-8 5-8 5-12 5-12 5-12
Final temperature RT RT RT 1/ 1/ V/

k Heating period, min. 5-8 5-8 5-8 5-12 5-12 5-12

1/ 6000F for corrosion-resistant steel fittings; 2000F for
aluminum-alloy fittings.

4.9.3 Flexure. The flexure test may be conducted in one of several ways.
The preferred method is shown in figure 2. Any method may be used, provided
that the stress level indicated in table 11 is imposed and measured as
specified, the fitting is heated to the maximum temperature specified in
table II0 and leakage is continuously measured with a mass spectrometer.
The stress level measured shall be the axial tensile stress. Measurement
of the stress shall be obtained by placing two strain gages, 180 degrees
apart, on the periphery of the tube in the plane of maximum stress. The
centers of the strain gage shall be placed within 3/16 + 1/64 inch from the
back of the nut flange as indicated in figure 2. During the test, a constant
pressure equal to the working pressure noted in table II shall be imposed.
Frequency of flexing may be any rate from 30 to 60 cycles per second. One
half of the specimens shall be assembled with maximum torque and the
remaining half shall be assembled with minimum torque. Duration of the
test shall be 300,000 cycles or until prior failure or leakage occurs. Upon
completion of the six thermal shock cycles, the pressure shall be raised
to proof pressure for 5 minutes.

4.9.3.1 Cantilever-beam method. Figure 2 shows the cantilever-beam
method applied to a tube union fitting, wherein the flexural requirements
are obtained by imposing a concentrated load on the free-swiveling end of
the tube assembly. The opposite end (test fitting) is rigidly supported in
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a fixture. The motion of the free end shall be rotary and the eccentric
shall be adjustable to obtain the desired stress level in the tube. Offset
distance (A) shall be determined by actual stress measurement after the
tubing assembly is pressurized at room temperature,

4.9.4 Vibralion. The vibration test shall be conducted In one of
several ways. One method is shown in figure 3. Any method may be used,
provided that the stress level indicated in table II is imposed andi measured as specified, and the fitting is heated to the maximum temperature

specified in table HI. Leakage may be monivtored by variations in pressure
gage readings during the test. A mass spectrometer leak check shall be
performed upon conclusion of the test under static conditions and proof
pressure if failure does not occur during the test. The stress level
measured shall be the axial tensile stress. Measurement of the stress shall
be obtained by placing two strain gages, 180 degrees apart, in the periphery
of the tube in the plane of maximum stress. The center of the strain gage
shall be placed within 3/16 + 1/64 inch from the back of the nut flange as
indicated in figure 3. Duri-ng the test, a constant pressure equal to the ."

working pressure noted in table 1I shall be imposed. Frequency of flexing
shall be at the lowest resonant frequency of the fitting and tube assembly
depending on the method selected. The specimens shall be assembled with
minimum tightening torques only. Duration of the test shall be 300,000
cycles or until prior failure or leakage occurs. Upon completion of the
six thermal shock cycles, the pressure shall be raised to proof pressure
for 5 minutes.

4.9.4.1 Indeterminate-beam method. Figure 3 shows one method, wherein
the test arrangement is essentially an indeterminate beam, with concentrated
load at the center, mounted on a "shaker". Both supports shall provide
rigid clamping. Amplitude shall be determined statically, by measuring the
deflection at the center of the span caused by premeasured weights, required
to generate the required stress actually measured with strain gages after
the tubing assembly is pressurized at room temperature.

4.9.5 Regeated assembly.

4.9.5.1 Minimum tightenin&. The tube and fitting assembly shall be
assembled and disassembled the number of times specified in 3.6.7 using the
torque values specified in MS 27850. Torques shall be recorded and the
dimensions indicated in figure 4 shall be measured and recorded after each
disassembly. Each tightening operation shall first include the assembly of,
and then the complete removal of the seal from the flange seal cavities in
the manner specified In MS 27850. A new seal shall be used for each
assembly. After each fifth tightening operation, the assembly shall be
subjected to the proof pressure for 5 minutes. The fitting shall then be
examined for structural damage with a 10-power lens (3.6.7). After the
final tigntening operation, the assembly shall be subjected to the burst
pressure test (4.9.1).
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Figure 3. Indeterminate-beam method

Figure 4. Dimensions to be measured during repeated
assembly test
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4.9.5.2 MUxLSum tiht.9nina,. The test specified in 4.9.5.1 shall be
performed using new assemblea, with the maximum torques specified in
1M 27850,

4.9.6 Hardness.

4.9.6.1 FLttlngs. Hardness readings shall be taken on a smooth flat
surface of any unthreaded portion of flanges, forgings, or nuts except in
the sealing surfaces.

4.9.6.2 Seals, For qualification two fittings shall be assembled
with the minimum torque specified in HS 27850. MicrosectLons shall be
prepared along the longitudinal axis after which the fitting shall be
encased in an appropriate ".trix. Knoop or equivalent hardness readings
shall be taken at the locations indicated in figures 5 and 6. The hard-
ness of the seals shall conform to those specified in table VI.

TABLE VI

Hardness at specified locations

Material Figure Location Maximum Knoop hardness

Aluminum 5 1 79 with 500-gram loud
2

Stainless 6 3 150 with 500-gram load
steel 4

4.9.7 Grain flow In threads. Grain flow in threads shall be deter-
mined by macroexamination. Specimens shall be taken from the finished part
by sectioning on a longitudinal plane across the threaded area. The speci-
ran shall be etched for sufficient time to reveal the macrostructure
adequacy.

4.9.8 Grain structure. The microsections prepared in 4.9.6.2 for
hardness test of corrosion-resistant seals shall be examined at a 100
magnification for grain structure of the plating. There shall be no
crevices or incipient crevices or cracks along the outer surface of the
plating at the grain boundary.

4.9.9 Seal interface. The microsections prepared In 4.9.6.2 shall
be examined and the length of the seal interface shall be measured and
recorded. The length of the seal interface shall be at least 0.01 inch
long as indicated in figures 5 and 6 and the restraining flanges shall be
free of distortion, gross deformation, or indentation.
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4.9.10 Adherence. The microsections prepared in 4.9.6.2 for corrosion-
resistant seals shall be examined at a 100 magnification for adherence
between the basis metal and the plating. There shall be no evidence of
nonadherence or incipient separation at any point along the entire interface

between the basis metal and the plating.

4.9.11 Surface finish. All nonplated seals shall have a smooth, even,
uniform surface finish on the sealing surfaces not exceeding 32 microinches
AA as measured by a Talysurf recorder or equivalent. Plated seals shall be
smooth, even, and uniform without the presence of pimples, blisters, beads,
nodules, flaking, or peeling. Thickness of the plating at the seal interface
prior to assembly shall be 0.003 inch + 0.0005. The thickness on all non-
sealing surfaces shall conform • ith MIL-P-27418. Slight discoloration due
to plating and post-annealing process is acceptable. Marks caused by the
electrical contacts are allowed if located on noncritical surfaces as indi-
cated in the applicable standards and if flaking, peeling, or contamination
will not result after assembly (3.7).

5. PREPARATION FOR DELIVERY

5.1 Preservation and cleaning.

5.1.1 Preservation. No preservative compound shall be applied to the
fittings.

5.1.2 Cleanins. Before packaging, all parts shall be free from grease,
oil, dirt, or any other foreign matter.

5.2 PackaninA. Packaging shall be Level A or Level C, as specified

(6.2).

5.2.1 Level A.

5.2.1.1 Fittina unit containers. All fittings except nuts and seals
shall be unit packaged in accordance with Method IC-l of MIL-P-116, except
as modified herein. The quantity per uniL package shall be one. After
bagging, fittings greater than 3-1/2 inches in any dimension shall be indi-
vidually overpacked in cartons conforming to PPP-B-636, PPP-B-566, PPP-B-676,
or PPP-B-665. If it is necessary to wrap the fittings prior to inserting
in bags to prevent damage, fittings shall be wrapped with barrier materials
conforming to MIL-P-17667 or MIL-P-130.

5.2.1.2 Alternate unit orotection. Five fittings of one type and
size, up to and including 1-1/2 inches in any dimension, may be packaged

rin perforated tear-apart cartons in accordance with Method III of MIL-P-
116. Each carton shall have interior separations capable of supporting and
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separating each tndividual fitting in such manner as to prevent novemeint or
contact of the fittings with each othar. All surfsac&6 of the tartcn coming
In direct contact with the item shall be of a type that vill tot induce
corrosion and be capable of withstanding slight abrasion. Fittins over
1-1/2 inches shall be packaged individually in accordance with 5.2J.,.l,

5.2.1.3 Nuts and seals, "nit containers. Nuts and seals of ;ne type
and size shall be unit packaged in accordance with Mehod IC-1 cf MIL-P-116,
or in friction-top hermetically sealed cans conforming to PPP-C-96. The
quantity per unit container shall, be as specified in table V11.

TABLE V11

Quantity per unit container

Size (inches) Number

1/8 to 1/2 100

5/8 to 1-1/4 25

1-1/2 to 3 5

over 3 1

5.2.1.4 Fittina intermediate contaiggrs. Unit packages shall be
packaged in intermediate containers conforming to PPP-B-636, PPP-B-566,
PPI"-B-676, or PPP-B-665. The quantity of unit packages per intermediate
"container shall be as specified in table VIII, except that intermediate
containers are not required for fittings individually packed in unit
cartons in accordance with 5.2.1.1.

TABLE VIII

Quantity of packages

Quantity of Quantity of
unit packages tear-apart cartons

per intermediate per intermediate
Size (inches) container container

1/8 through 1/4 100 20

5/16 through 1/2 25 10

5/8 through 1 10 5

1-1/4 through 5 1
3-1/2
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5.2.2 Level C. All forging&, fittings, nuts, and seals shall be
packaged as necessary to prevent damage or deterioration during shipment.

5.3 Packing. Packing sh.ll be Level A, B, or C, as specified (6.2).

5.3.1 Level A. Fittings, packaged an specified herein, shall be
packed in overseas-type shipping containers conforming to PPP-B-601,
PPP-B-621, PPP-B-585, PPP-B-591, or PPP-B-636. Shipping tontainers, insofar
as possible, shall contain the same number of articles, shall be uniform in
shape and size and snugly packed, shall be of minimum cube and tare consistent
with the protection required, and shall contain identical quantities. The
gross weight of the fully packed exterior shipping container shall not
exceed 200 pounds except fiberboard containers, which shell not exceed the
weight limitations of the applicable container specification. Plywood, when
ased, shall be Type I or II, class 2, of NN-P-515. Strapping and closures
shall be in accordance with the appendix to the applicable container specifi-
cation. Containers conforming to PPP-B-585 or PPP-B-621 shall be provided
with a case liner conforming to MIL-L-10547, except the material shall conform
to MIL-B-13239, and shall be sealed in accordance with the appendix to
HIL-L-I05,i7, No case liner is required when material conforming to Class 2
of PPP-B-636 is used as an intermediate container.

5.3.2 Level.B. Fittings packaged as specified herein shall be packed
in Jomestic-type shipping containers conforming to PPP-B-636, PPP-B-585,
PPP-5--591, PPP-B-601, or PPP-B-621. Closures shall be in accordance with
the appendix to the applicable container specification. Fiberboard, when
used, shall have A minimum Mullen test of not less than 275 pounds. The
gross weight of the shipping container, when p4cked tcr shipment, shall not
exceed 200 pounds; fiberboard containers shall not exceed the weight limita-
tions specified in applicable container specification.

5.3.3 i evel C. Packages which require overpacking for acceptance by
the carrier shall be packed in commercial exterior shipping containers in a
manner that will insure safe transportation at the lowest rate to the point
of delivery. Containers shall be in accordance with Uniform Freight Clas-
sification Rules or regulations of other common carriers as applicable to
the mode of transportation.

5.4 Marking of shipments. If tear-apart containers are used, each
section of the unit container shall be marked with the part number of the
item. In addition to any oth(r special marking required by the contract
or order, marking for shipment shall be in accordance with MIL-STD-129.

6. NOTES

6.1 Intended use. Fittings MS 27850 through MS 27868 covered by this
specification are intended for use in rocket engine fluid systems (1.1).
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6.1.1 Since fittings of several materials are described in this
specification, and various tube-fitting material combinations can be
selected for various systems, qualification approval of the product
specified herein approves the product only for use in such manner as
defined in the qualification tests.

6.1.2 These fittings were designed by a computer program which may
be used for optimizing fitting designs for other criteria. Contact the
procuring activity for further information.

6.2 Ordering data. Procurement documents should specify:

(a) Title, number, and date of this specification
(b) Part no. required (1.2 and 3.4)
(c) Applicable levels of preservation, packaging, and

packtng (5.2 and 5.3).

6.3 Qualification. With respect to products requiring qualifica-
tion, awards will be made only for such products as have, prior to the
time set for opening of bids, been tested and approved by the Air Force
Rocket Propulsion Laboratory, whether or not such products have actually
been so listed by that date. The attention of the suppliers is called
to this requirement, and manufacturers are urged to arrange to have the
products that they propose to offer to the Federal Government tested
for qualification in order that they may be eligible to be awarded
contracts or orders for the products covered by this specification.
The activity responsible is the Air Force Rocket Propulsion Laboratory.
Information pertaining to qualification of products may be obtained
from the Air Force Rocket Propulsion Laboratory.

Custodians: Preparing Activity:

Air Force - 12 Air Force - 12

Review activities:

Air Force - 11, 14, 19, 69, 85

Civilian Agencies Interest:

NAS

Reviewer/user information is current as of the date of this Jocument. For
further coordination of changes to this document, draft circulation should
be based on the information in the current DoD Index of Specifications And
Standards.
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